
RECEiVED 
ENVIRONMENTAL SERVICES* APR 0 5 2010 

S J ^ x 5 ^ 7 5 0 ^ ' SOLID & HAZARDOUS WASTF 
SaltLakeCity, UT 84122 P ^ / 0 - D | 3 3 3 
Tel: 435.884.8900 
Fax: 435.884.8990 
www.cleanharbors.com 

March 31, 2010 

Mr. Dennis R. Downs 
Executive Secretary 
Utah Solid and Hazardous Waste Control Board 
288 North 1460 West 
Salt Lake City, UT 84116 

RE: Class 3 Permit Modification Request 
Module VI - Hazardous Waste Landfills 
Clean Harbors Grassy Mountain, LLC, EPA ID No. UTD991301748 

Dear Mr. Downs: 

Pursuant to Utah Rule R315-3-4, Section 4.3 and 40 CFR 270.42(c), Clean Harbors Grassy 
Mountain, LLC (referred to hereafter as CHGM) hereby requests a Class 3 permit modification 
to modify the language in the Utah Department ofEnvironmental Quality (UDEQ), "State-Issued 
Part B Permit"(Permit), Module Vl-Hazardous Waste Landfills, Section VI.A.l. This Class 3 
permit modification request includes changes outlined in section J.l. of Appendix I to § 270.42. 

Condition VI.A.l. defmes the maximum approximate volumes and the maximum average height 
of waste allowed in a landfill cell at the time of closure. The included Design Engineering 
Report, prepared by Hansen, Allen & Luce, Inc. (HAL) and Apphed Geotechnical Engineering 
Consultants (AGEC) provides the geotechnical evaluation and engineering calculations for the 
proposed design modifications for vertical expansions of landfill cells B6 and 7. Based on this 
report, CHGM is requesting a modification to this condition ofthe Permit to increase the 
permitted waste disposal capacity of landfill cells B6 and 7. CHGM requests the following 
revised language be incorporated into the Part B Permit: 

VLA. I. The Permittee shall only dispose of hazardous wastes in the following 
landfdl cells and the rated capacities shall not exceed the following 
nominal volumes shown below, except as allowed in Condition VI.D.2. In 
addition, measuring from the top ofthe berm, the average height of waste 
will be less than or equal to the maximum allowed height of waste in the 
cell at closure as sho-wn below. The Executive Secretary has the authority 
to require the Permittee to conduct a survey ofthe cell to verify 
compliance with this condition. 

"People and Technology Creating a Better Environment" 

http://www.cleanharbors.com
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Cell 
Number 

4 

5 

B/6 

7 

Capacity 
(Cubic Yards) I 

535,500 

510,300 

1,053,500 

1,135,000 

Maximum height qf waste above the berm at 
closure, feet above avg. berm height 

26.41 

31.27 

45.99 

61.09 

J Volumes are approximate. The point of compliance is the height above the benn. The berm 
height is calculated by averaging elevations measured every 50 linear feet around the perimeter 
(berm) ofthe cell. 

"I certify under penalty of law that this document and all attachments were prepared under my 
direction or supervision in accordance with a system designed to assure that qualified personnel 
properly gather and evaluate the information submitted. Based on my inquiry of the person or 
persons who manage the system, or those persons directly responsible for gathering the 
information, the information submitted is, to the best of my knowledge and belief, true, accurate, 
and complete. 1 am aware that there are significant penalties for submitting false information, 
including the possibility offine and imprisonment for knowing violations. " 

Ifyou have any questions, please contact Les Ashwood at (435) 884-8900. 

Sincerely, 

William F. Connors 
Senior Vice President of Compliance 
Clean Harbors Environmental Services, Inc. 

Attachment/ 

cc: Ed Costomiris, UDEQ/DSHW 
Francis Tran, EPA Region VIII 
Myron Bateman, E.H.S., M.P. A., Health Officer, Tooele County Health Department. 
David Nielsen, Director of Landflll Compliance, Buttonwillow, CA 
Grassy Mountain File 



Clean Harbors Grassy Mountain, LLC. 
P.O. Box 22750 
Salt Uke City, UT 84122 

Tel: 435.884.8900 
Fax: 435.884.8990 
www.cleanharbors.com 

March 31, 2010 

Mr. Stephen S. Tuber 
Assistance Regional Administrator 
EPA Region VIII 
1595 Wynkoop Street 
Denver, CO 80202-1129 

RE: Request for Closure Design Modifications for Vertical Expansion of 
LandfiU CeU B6 
Clean Harbors Grassy Mountain, LLC, EPA ID No. UTD991301748 

Dear Mr. Tuber: 

Pursuant to the requirements of United States Environmental Protection Agency (USEPA) issued 
Coordinated Approval of TSCA/RCRA Landfill Cell B6-Condition 6, Clean Harbors Grassy 
Mountain, LLC. (referred to hereafter as CHGM) hereby requests approval from the Assistant 
Region Administrator for modifications to the closure design for landfill cell B6. CHGM 
submits this modification request to increase the disposal capacity for landfill cell B6. 

The included Design Engineering Report, prepared by Hansen, Allen & Luce, Inc. (HAL) and 
Applied Geotechnical Engineering Consultants (AGEC) provides the geotechnical evaluation 
and engineering calculations for the proposed design modifications for vertical expansion of 
landfill cell B6. Based on this report, CHGM is requesting approval to increase the design 
capacity to approximately 1,053,500 cubic yards. This vertical expansion will increase the 
capacity of cell B6 by 461,500 cubic yards. 

In accordance with the requirements of Approval Condition 6, this request is being submitted 
simultaneously to the Utah Department ofEnvironmental Quality as a Class 3 modification to 
the CHGM State Issued Part B Permit. A copy of that Permit modification request is included 
with this request. 

"Under civil and criminal penalties of law for the making or submission of false or fraudulent 
statements or representations (18 U.S.C. 1001 and 15 U.S.C.2615), I certify that the information 
contained in or accompanying this document is true, accurate, and complete. As to the identified 
section(s) ofthis document for which I cannot personally verify truth and accuracy, I certify as 
the company official having supervisory responsibility for the person who, acting under my 
direct instructions, made the verification that this information is true, accurate and complete. " 

"People and Technology Creating a Better Environment" 

http://www.cleanharbors.com
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March 31, 2010 Page 2 

Ifyou have any questions, please call me at (435) 884-8900. 

Sincerely, 

William F. Connors 
Senior Vice President of Compliance 
Clean Harbors Environmental Services, Inc. 

Attachment/ 

cc: Francis Tran, EPA Region VIII 
Ed Costomiris, UDEQ/DSHW 
Myron Bateman, E.H.S., M.P.A., Health Officer, Tooele County Health Department. 
David Nielsen, Director of Landfill Compliance, Buttonwillow, CA 
Grassy Mountain File 
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CHAPTER I 

INTRODUCTION 

Clean Harbors Grassy Mountain, LLC (Clean Harbors) is interested in increasing the height and 
the top slope of the closure caps of Landfill Cells 6B and 7, which will provide an increase in the 
permitted waste capacities within each of the cells. Clean Harbors requested that Hansen, Allen 
& Luce, Inc. (HAL) provide engineering evaluations to determine the potential for closure design 
modification. Applied Geotechnical Engineering Consultants (AGEC) was retained to perform 
geotechnical stability analyses of the raised closure caps to ensure stability under static and 
seismic conditions. This report provides a summary of background information associated with the 
design ofthe landfills and closure caps, presents proposed design modifications, and provides a 
summary of results from the geotechnical evaluation and other engineering calculations for the 
proposed design modifications. The geotechnical evaluation and engineering calculations are to 
provide a basis for approval of a permit modification from the Utah Division of Solid and Hazardous 
Waste (DSHW) for the proposed design modifications. 

I- 1 



CHAPTER II 

BACKGROUND 

LANDFILL CELL 6B 

Landfill Cell Design 

The original design of Landfill Cell B/6 was completed and presented in a design engineering report 
dated January 1992 as RCRA Landfill Cell 6, with an original design capacity of 493,300 cy. 
Revisions to the design were completed and presented in a design engineering report dated 
September 1992 which incorporated design modifications and discussions resulting from regulatory 
changes that were made to the rules in 1992. The September 1992 design modifications included 
a design change to lower the floor by a vertical distance of 5 feet, which changed the design 
capacity to approximately 592,000 cy. A report dated January 1993 provided information regarding 
the effects of groundwater on lowering the floor 5 feet from the original design. The current 
permitted capacity of 592,000 cy reflects acceptance of the September 1992 design and the 
January 1993 report. 

After construction of Landfill Cell 6 (constructed in 1993), the permit was revised to allow disposal 
of TSCA wastes and the cell was given the designation of Landfill Cell B/6 or Landfill Cell 6B. Both 
references have been used for the landfill since it was permitted to receive TSCA waste. 

Closure Cap Design 

The original closure cap design used to determine the permitted waste capacity consisted of the 
following (from top to bottom): 

4 inches of gravel armor erosion protection 
2 feet of protective soil cover 
8 oz. Non-woven geotextile filter fabric 
geonet 
60-mil HDPE geomembrane (textured on the 2H:1V perimeter slopes) 
2 feet (minimum) of compacted clay liner 

Original design slopes consisted of 2H:1 V (horizontal to vertical) perimeter slopes around closure 
caps extending from the top of the cell embankments to the outside edge of the closure cap's top 
slope. The top slope consisted of 5 percent slopes from the top center to the outside edges of the 
caps and 0.63 percent cross slopes to provide a resultant slope of 0.7 percent in the perimeter 
drainage ditches. 

Original drainage design from the closure cap includes six different drainage areas. Runoff from 
the six drainage areas collects in the perimeter ditches that convey runoff to six different down 
drains (or down spouts) that convey storm water from the top of the closure cap to the bottom toe 
ofthe cell embankments. 



LANDFILL CELL 7 

Landfill Cell Design 

Design of RCRA Landfill Cell 7 was completed and presented in a design engineering reported 
dated December 1995 with an original design capacity of 645,100 cy. Construction of the cell was 
completed and construction documentation was submitted in November 1996. Engineering 
evaluations and geotechnical stability and settiement analyses were completed in December 2000, 
and were provided to the facility for a permit application to increase the capacity to 733,000 cubic 
yards by raising the height ofthe closure cap 2.18 feet and by replacing the compacted clay liner 
with GCL. This permit modification was approved by DSHW. 

Closure Cap Design 

The original closure cap design used to determine the permitted waste capacity consisted of the 
following (from top to bottom): 

On the top slopes 
4 inches of gravel armor erosion protection 
24 inches of protective soil cover 
8 oz. Non-woven geotextile filter fabric 
geonet 
60-mil HDPE geomembrane 
geosynthetic clay liner (GCL) 
six inches (minimum) of soil cushion 

On the perimeter slopes 
4 inches of gravel armor erosion protection 
24 inches of protective soil cover 
8 oz. Non-woven geotextile filter fabric 
geonet 
60-mil HDPE textured geomembrane 
2 feet minimum of compacted clay liner (CCL) 

Original design slopes consisted of 2H:1 V (horizontal to vertical) perimeter slopes around closure 
caps extending from the top of the cell embankments to the outside edge of the top slope of the 
closure caps. The top slope consisted of 5 percent slopes from the top center to the outside edges 
of the caps and 0.63 percent cross slopes to provide a resultant slope of 0.7 percent in the 
perimeter drainage ditches. 

Original drainage design from the closure cap includes four different drainage areas. Runoff from 
the four drainage areas collects in the perimeter ditches that convey runoff to four different down 
drains (or down spouts) that convey storm water from the top of the closure cap to the bottom toe 
ofthe cell embankments. 



CHAPTER III 

MODIFIED CLOSURE DESIGN 

CLOSURE CAP CONFIGURATIONS 

The proposed closure cap design for both Landfill Cell 6B and Landfill Cell 7 consists of the 
following from top to bottom (See Exhibit A for drawings): 

On the top 10% slopes 
4 inches of gravel armor erosion protection 
24 inches of protective soil cover 
Double sided geocomposite (consisting of 8 oz. Non-woven geotextile filter fabric bonded to both 
sides of geonet) 
60-mil HDPE textured geomembrane 
geosynthetic clay liner (GCL) 
six inches (minimum) of soil cushion 

On the perimeter 2H:1 V slopes 
4 inches of gravel armor erosion protection 
24 inches of protective soil cover (compacted clay soil) 
60-mil HDPE textured geomembrane 
2 feet minimum of compacted clay liner (CCL) 

Design slopes include 2H: 1V (horizontal to vertical) perimeter slopes around closure cap extending 
from the top of the cell embankments to the outside edge of the top slope of the closure cap. The 
top slope consists of 10 percent slopes from the top center to the outside edges of the cap and 
0.80 percent cross slopes to provide a resultant slope of 1.0 percent in the perimeter drainage 
ditches. 

Landfill Cell 6B is designed to have a maximum vertical height of 28 feet from the top of the cell 
embankment to the top of the perimeter berms. Total vertical height at the center of the Cell 6B 
closure cap is 48.82 feet above the cell embankment. Landfill Cell 7 is designed to have a 
maximum vertical height of 29 feet from the top of the cell embankment to the top of the perimeter 
berms. Total vertical height at the center of the Ceil 7 closure cap is 63.92 feet above the cell 
embankment. Landfill Cell 7 has a much higher center height because it is approximately 286 feet 
wider than Landfill Cell 6B which provides a greater distance of rise for the 10 percent slope. 

The perimeter drainage ditches are V-shaped with a perimeter berm providing the outside 3H:1 V 
slope and the 10 percent closure cap slope providing the inside side slope for the ditches. The 
perimeter ditches are designed to receive storm water runoff from the 10 percent cap slope areas 
and convey the runoff to down drains, which convey storm water to the bottom exterior toes of the 
landfill cell embankments. 



LANDFILL CAPACITIES 

Capacities ofthe landfill cells were determined using volume calculation routines within AutoCAD 
Civil 3D 2010 by Autodesk. Surfaces were built within AutoCAD, representing the surface of the 
protective soil cover above the bottom lining system within the cell and the top of the waste mound 
based on the modified closure cap design. These two surfaces were then defined to determine the 
capacity within the landfill cell using a grid spacing of 2 feet in both the north/south and the 
east/west directions. The modified capacity within Cell 6B is approximately 1,053,500 cubic yards 
and the modified capacity within Cell 7 is approximately 1,135,800 cubic yards. 

CLOSURE CAP DRAINAGE 

Hydrology 

Runoff was estimated using the SCS curve number methodology and the unit hydrograph 
procedure developed by the USDA Soil Conservation Service. Hydrologic calculations are 
presented in Exhibit C. Rainfall depth for the 100-year, 24-hour precipitation event of 1.85 inches 
was obtained from Point Precipitation Frequency Estimates from NOAA Atlas 14 using the 
coordinates and elevations ofthe Grassy Mountain Facility. 

A gravel road with hydrologic soil group B has a curve number of 85. The gravel armor erosion 
protective layer is not compacted, has less fines, and has greater storm water retention potential 
than a gravel road. Therefore, a curve number of 83 was estimated to conservatively represent 
the runoff conditions for the gravel armor surfaces. 

Design of the perimeter drainage ditches and the down drains was based on using the largest 
drainage areas for Landfill Cells 6B and 7. Therefore, the drainage areas for Cells 6B and 7 were 
evaluated to determine the largest contributing area to the perimeter ditch and to the down drain. 
Runoff calculated on the largest areas was then used for for design of all perimeter ditches and for 
all down drains for both landfill cell closure caps. 

The closure cap for landfill Cell 6B consists of six different drainage areas that collect and convey 
storm water runoff to six down drains (or down spouts) located around the perimeter ofthe closure 
cap. Four drainage areas are located at each of the four corners of the closure cap, and two of the 
drainage areas are located at the center of the north and south sides of the closure cap. The 
drainage areas at the center of the north and south sides each have areas of 79,000 square feet 
(1.814 acres) which are larger than the four drainage areas located atthe corners ofthe closure 
cap. A single drainage area contributes runoff to a segment ofthe perimeter ditch and two ofthe 
center drainage areas (158,000 square feet or 3.627 acres) combine to contribute drainage to a 
single down drain. 

The closure cap for Landfill Cell 7 is symmetrical such that four drainage areas are located in the 
corners of the closure cap and the drainage areas are all equal in size. The largest area 
contributing runoff to the perimeter ditches is 69,000 square feet (1.584 acres) and the largest area 
contributing runoff to a down drain is 138,000 square feet (3.168 acres). 



Perimeter Ditch and Down Drain Design 

Using 1.814 acres of area provides an estimated peak discharge of 1.16 cfs to the drainage ditches 
and using an area of 3.627 acres provides an estimated peak discharge of 2.32 cfs (i.e. 2 x 1.16 
cfs) to the down drains. The perimeter ditches will convey 1.16 cfs with a flow depth of about 0.4 
foot and a safety factor of about 1.5 against erosion of the gravel armor material in the perimeter 
ditches. An 18-inch diameter pipe wili convey the 2.32 cfs with a headwater depth of 0.8 foot at 
the pipe inlet. Since the inlet boxes are 1.5 feet deep below the perimeter ditch flow lines, the 
headwater depth of 0.8 foot will not obstruct or back storm water in the perimeter ditches. 

Erosion Protection 

Erosion protection calculations were completed on the gravel armor material for both the 10 
percent top slope and the 2H:1 V perimeter slopes of the closure caps. These calculations were 
completed for the longest slopes (worst case conditions) represented for the closure caps of both 
cells. Results were then applied to all slopes on both of the closure caps. "Erosion and 
Sedimentation in Utah - A Guide for Control" published by the Utah Water Research Laboratory, 
February 1984, was used to determine the depth of the gravel armor needed for erosion protection. 
The maximum length ofthe 10 percent slopes for both cells is 361 feet and the maximum length 
of the 2H:1V slopes is 65 feet. Using these slope lengths, the minimum gravel armor thickness is 
1 inch forthe 10 percent slopes and 3 inches forthe 2H:1V slopes. 

Stephens method from NUREG/CR-4651was used to determine the minimum Dgo size for the 
gravel armor material based on the estimated flow per foot of width across the gravel armor. The 
flow per unit width was calculated using the storm water discharge rate estimated for an acre of 
area for the closure caps. The longest slope length for the 10 percent slopes is 361 feet resulting 
in a width of 120 feet and the longest slope length for the 2H:1V slopes is 65 feet resulting in a 
width of 570 feet for corresponding one acre areas. Dividing that storm water discharge of 0.64 
cfs per acre by 120 and by 570 gives a flow per unit width of 0.01 cfs per foot for the 10 percent 
slopes and 0.002 cfs per foot for the 2H:1V slopes. Concentration factors are not a component of 
NUREG/CR-4651 procedure, but are provided to show the types of flow concentration that may 
occur, beyond the safety factors already provided in the procedure, and still maintain erosion 
stability. The concentration factors were calculated assuming a Dgg size of approximately 1 inch 
which is representative of the local gravel source historically used for the gravel armor. A D50 size 
of 1 inch will allow for additional flow concentrations of 20 times on the 10 percent slopes and of 
3 times on the 2H:1V slopes and still maintain stability against erosion. An additional factor of 1.35, 
called Oliver's constant, was also applied to the flow rates as suggested in NUREG/CR-4651. Flow 
rates used for calculating the D50 size, after applying the factors discussed, are 0.27 cfs per foot 
for the 10 percent slopes and 0.008 cfs per foot for the 2H:1 V slopes. Calculated minimum D50 
sizes are 0.90 inch for the 10 percent slopes and 0.98 inch for the 2H:1V slopes. 

The minimum gravel thickness should accommodate twice the D50 size rock which is about 2 
inches. Applying erosion control procedures for determining gravel thickness and using criteria for 
establishing the D50 rock size results in minimum gravel thicknesses of 2 inches for the 10 percent 
slopes and 3 inches for the 2H:1V slopes. 

The closure caps and cell embankments have historically received a gravel armor thickness of 4 
inches (as is shown on the closure cap design drawings) due to the difficulty in consistently placing 



less thickness of gravel armor with a D50 size of about 1 inch. Observations show no noticeable 
erosion where gravel armor has previously been placed on closure caps and embankment slopes. 
Therefore, it is recommended that the erosion control measures consist of a targeted 4 inches of 
gravel armor thickness on all surfaces with a minimum of 3 inches on the 2H:1V slopes and a 
minimum of 2 inches on the 10 percent slopes. 

LEACHATE WITHDRAWAL PIPES 

The leachate withdrawal pipes were evaluated to determine their structural integrity under the 
increased weight (or loading) resulting from the vertical expansion. High density polyethylene 
(HDPE) pipes with a standard dimension ratio (SDR) of 21 were installed in the landfills and were 
evaluated for wall crushing, wall buckling, and ring deflection. Calculations show the vertical 
expansion will not jeopardize the structural integrity of the leachate withdrawal pipes. 

GEOTECHNICAL EVALUATIONS 

Geotechnical stability and settlement evaluations were completed by Applied Geotechnical 
Engineering Consultants (AGEC) to determine the feasibility of increasing the closure cap height 
and are provided in a letter report dated September 28, 2009. The letter report in included in 
Exhibit B. 

Resuits from these evaluations show that the closure cap for Landfill Cell 6B can be raised to a 
height of 28 feet and the closure cap height for Landfill Cell 7 can be raised to a height of 29 feet 
from the top of the landfill cell embankments to the top of the highest point of the perimeter berms 
around the closure caps and still maintain stability and the integrity of other engineering aspects 
ofthe landfill cell and the closure cap. 

Stability 

Stability analyses included evaluating the global stability of the landfill cells and underlying soil 
structures and local interface stability of the cap design layers using saturated conditions. Stability 
analyses were conducted assuming both static and seismic conditions. 

Stability evaluations were based on a seismic event having a 90 percent probability of not being 
exceeded in a 250 year period. A bedrock acceleration of 0.15g was used resulting in a horizontal 
ground acceleration of 0.18g for the site, which was used in the stability analysis. Soil parameters 
used were obtained from reports of previous geotechnical studies at the site. Safety factors were 
determined under static and seismic conditions for the overall landfill including subsurface soils and 
forthe closure cap side slopes. Results ofthe analysis are presented in Table I l l - l . The seismic 
analysis and resulting safety factors assume no deformation. 

Infinite slope stability analyses were used to determine interface stability safety factors for the 
design components of the 2H:1V and the 10 percent slopes of the closure caps. Results from 
these analyses are also presented in Table I l l - l . The soil strength at the interface with the HDPE 
textured membrane on the 2H:1V slopes were evaluated to ensure that soil strength will not be 
exceeded. Slope stability safety factors using soil strengths are 3.6 under static conditions and 1.8 
under seismic conditions using a slope length of 63 feet (representing the longest slope length or 
worst case scenario). 



TABLE III-1 
Minimum Landfill and Closure Cap Safety Factors 
for Stability of Landfill Cell 6B and Landfill Cell 7 

Description 

Overall landfill slope stability, including subsurface soils 

Closure cap slope stability 

Interface slope stability on 2H:1V perimeter slopes using infinite slope anaiysis 

Interface slope stability on top 10% slopes using infinite slope analysis 

Safety Factor 

Static 

1.9 

1.6 

1.8 

5.1 

Seismic 

1.2 

1.1 

1.3 

1.8 
Note: Safety factors presented are minimum and are similar for Landfiii Cells 6B and 7 combined. 

Settlement 

Calculations were performed considering the additional waste height and increase in final closure 
top slope. Settlement calculations were completed to provide a settlement profile and to determine 
the final slope of the cell floor after settlement. Subsurface soil profiles and conditions were 
obtained from previous geotechnical evaluations performed at the site. 

Landfill Cell 6B had a design slope of 2.7 percent at the time of construction and is estimated to 
have a final floor slope of 2.2 percent after settlement and Landfill Cell 7 had a design slope of 2.3 
percent at the time of construction and is estimated to have a final floor slope of 1.8 percent after 
settlement with the modified closure designs. The final floor slopes meet the regulatory minimum 
slope requirements of 1 percent. 



CHAPTER IV 

CONCLUSIONS 

The Landfill Cell 6B and Landfill Cell 7 closure cap designs can be raised and modified as 
presented herein. The modified design is presented in the design drawings provided in Exhibit A 
and is summarized herein. 

Layers (from the uppermost layer to the bottom layer) within the 10 percent top slopes and the 
2H:1V perimeter slopes are provided below: 

10 Percent Top Slopes 
4 inches of gravel armor erosion protection 
24 inches of protective soil cover 
Double sided geocomposite (consisting of 8 oz. Non-woven geotextile filter fabric bonded to both 
sides of geonet) 
60-mil HDPE textured geomembrane 
geosynthetic clay liner (GCL) 
six inches (minimum) of soil cushion 

2H:1V Perimeter Slopes 
4 inches of gravel armor erosion protection 
24 inches of protective soil cover (compacted clay soil) 
60-mil HDPE textured geomembrane 
2 feet minimum of compacted clay liner (CCL) 

Landfill Cell 6B is designed to have a maximum vertical height of 28 feet from the top ofthe cell 
embankment to the top of the perimeter berms. Total vertical height at the center of the Cell 6B 
closure cap is 48.82 feet above the cell embankment. Landfill Cell 7 is designed to have a 
maximum vertical height of 29 feet from the top of the cell embankment to the top of the perimeter 
berms. Total vertical height at the center of the Cell 7 closure cap is 63.92 feet above the cell 
embankment. 

The perimeter drainage ditches are V-shaped with a perimeter berm providing the outside 3H:1 V 
slope and the 10 percent closure cap slope providing the inside side slope for the ditches. The 
perimeter ditches are designed to receive storm water runoff from the 10 percent cap slope areas 
and convey the runoff to down drains which convey storm water to the bottom exterior toes of the 
landfill cell embankments. 

The armor plating thickness (stone mulch) should be a minimum of 3 inches on the 2H:1V 
perimeter slopes and 2 inches on the 10% slopes. The target thickness of 4 inches provided on 
all surfaces in the design drawings allows for some grading tolerance during placement 

The modified capacity within Cell 6B is approximately 1,053,500 cubic yards and the modified 
capacity within Cell 7 is approximately 1,135,800 cubic yards. This vertical expansion will increase 
the capacity of Cells 6B and 7 by 461,500 cy and 402,800 cy, respectively. 

IV- 1 



EXHIBIT A 

DESIGN DRAWINGS 
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GENERAL NOTES 
COORDfNATES A.ND ELE\.ATIONS PROVVOED ARE BASED ON SITE SPECIRC 
COOROI.^A'E SYSTEM A.NO DATUM OONTROL. 

ALL ELEVATIONS PROVIDED ARE BASED ON ORIGINAL EUSANKMENT DESIGN 
ANO CONSTRUCTON ELEVATIO.SS. A0JUST«E^fT3 SHAU BE MAOE PRIOR 
TO CLOSURE TO AC0OL.-/r FOR SETT-EMENT. 

LINING SYSTEM SUBGRADES & SOIL FILL 
1 ALL SURFACES PSCMDIS3 SUBCRAOES FOR LINING SYSTEMS SHALL BE 

PROOF ROLLED FOR S O T AND/OR TIEU3INC SUftrACES, SOFT ANO/OR 
YIELDING SURFACES SH,>LL 9£ COMPACTED TO PROVIDE. A RRM 
SUBGRADE FOR UNING Ji^TEMS. 

2 ALL CLAY UNER MATERi.y.S SMALL BE. COMPACTED TO 9SX OF ASTM 
0 - 6 9 B AT A MOISTURE CONTENT BETWEEN MINUS 2T, AND PLUS 4X OF 
OPTIMUM. ALL CLAY L'vER SHALL MEET TrlE REQLIIRED PERMEABILnY OF 
! X 1 0 - 7 CM/SEC. A DETLOCOULATING AGENT <SODSJ,SI-TRIPOLY 
PHOSPHAre) MIKED 'WTK THE CLAY LIMER AT A UINIWUM RATE OF 3.5 
POUNDS PE.R 5 0 CUBIC FEET OF LOOSE MATERIAL IS TYPICALLY REQUIRED 
TO MEET THE REQUIREC PERMEABILITY. CLAY UNER SURFACES SKALL BE 
MAINTAINED UNHL PLACEMENT OF OVERLYING GEOSYNTHETIC UATERIALS. 

3. ALL F I U rtATERiALS REOUIRING COMPACTION. ON THE PERIMETER 
SIDESLOPES, PIPE BACKHLL, ANO OTHER OESIONATCD COMPACTION 
AREAS SHALL BE COMPACTED TO 9SX OF ASTM 0 - 6 9 8 AT A 
MOISTURE REOLIREO TC FACILITATE COMPACTION. 

4. THE SUB-GRADE FOR THE GEOSl-NTHETIC MATERIALS SHALL SE FREE 
OF PROTRUDING ROCKS AND OEBRlS THAT MAY POTENTIALLY CAUSE 
OAMAGE TO THE CEOSYwTHETIC MATERIALS. THE SUBGRADE SHALL 
ALSO BE ROaEO WITH A SMOOrH ORUM ROLLER TO LEAVE THE 
SURFACE SMOOTH. 

5. BORROW SOURCES FOR S-INCH THICK SAND AND 2-FCOT THICK 
PROCTECTVE SOIL COVER LAYERS TO 9£ APPROVED BASED ON THE 
FOLLOWING TESTS USING LIQUID OBTAiNED FROM SYNTHETIC LEACHATE 
PRODUCED USING CCRPOW SOURCE SOILS: 1. SCREENING CLAY PORRON 
OF GEOSYNTHETIC CLAY LiVER FOR CHEMICAL COMPATIBILITY TO LKXIIDS 
(ASTM 05141) : 2. SWELL INDEX (ASTM 06890) : 3. FUJC LOSS TESTING 
(ASTM D5891); AMD 4.k.Y0RAULlC CONOUCTIVrTY (ASTM D6766 OR ASTM 
DS0B4) AS REOUIRED SY THE ENGINEER BASED ON RES'ATS OF Or,IER 
TESTING. MAXIMUM Hi'JRMJUC C0N0UC7MTY OF CO. SHALL MEET AN 
EQUIVALENCY OF A 2-FOOT TRICK COMPACTED CLAY UNER WITH A 
HYDRAULIC CONDUCTiVTY OF 1X10-7 CM/SEC. 

6. COMPACTED CLAY SOIL DN THE PERIMETER SLOPES HAS NO PERMEABIUTY 
REQUIREMENT AND SHALL BE COMPACTED TO 95Jt OF ASDM 0 - 6 9 8 . 

GENERAL QEPSYNTHP-JCS 
' • UANUFACTURER'S CE.R" '= 'X:ATIOMS SHALL BE PROVIDED FOR ALL RAW 

AND MANUFACTURED MATERIALS. CERTIFICATIONS SHALL S£ IN 
ACCORDANCE Wn-H THE MANUFACTURER'S MATERIAL SPECIFICATIONS AND 
PROJECT CQA PLAN CR TERIA .AND SHALL INCLUDE ALL TESI OATA FOR 
MATERIALS DELIVE.RED AMD AT A MINIMUM. THE TEST FREQUENCIES 
OESlGMATEO IN THE MANUFACTURER'S QUALITY ASSURANCE MANUALS 
AND SPECIFICAriONS ANO THE PROJECT CQA PLAN, 

2. ALL GEOSYNTHETIC MATERIALS SHALL SE LOADED, TRANSPORTED. 
OFF-LOAOED, Sro.^ED. ANO HANDLED IN ACCORDANCE WITH 
MANUFACTURER RECOMViENDATlONS. 

J . AT A MINIMUM. ALL OEOSYKTHETIC MATE.^IALS SHALL SE INSTALLED IN 
ACCORDANCE WITH MAJMJFACTURER'S RECOMUENCATIONS AND INSTALLATION 
GUIDES AND IN A C C O R C A N C E WITH THE PROJECT SPECIFICATIONS AND CQA 
PLAN. 

4. THE GEOSYNTHETIC INS'ALLER SHALL PROVIDE A SUBGRADE ACCEPTANCE 
CERTIFICATION FOR ALL AREAS OF SCL DEPLOYMENT, 

.gEQSYNTHEjTJC CLAY UNER (GCU) 
1. ALL GCL MATERIALS SilU-L BE NEEOLE PUNCH RE/NFORCED. 

2. CCL SHALL BE OE.'-LOTEO WITH NON-WOVEN GEOTEXTILE SIDE UP. 

3. ALL DEPLOYED GCL MATERIALS SHALL BE C0VEREJ3 B* THE END OF EACH 
WURK DAY TO M!N-M;ZE EVAPORATION OF MOISTURE WITHIN THE BENTONrTE 
AfJO TO PROTECT THE CCL HATtRIALS FROM EXPOSURE TO RAINY AXD 
SNOMT' WEATHER. 

4 . S E A M I N O S H A L L S E I N A C C O R C A N C E WITH M A N U F A C T U R E R ' S R E C O M M E N D A T I O N S , 
T H E P S O U E C T .SPECIFJ.LATIONS. A N O T H E P R O J E C T COA P L A N . 

5 . G C L MAT.ERWLS T X A T A R E M A N U F A C ; U S £ 0 TO P R G M D E S E L F - S E A L I N G S E A M S 
A N O D O N O T R E Q U I R E » BENTONFTE B E A D S H A L L R E C E I V F A B E N T O N I T E 
B E A D W H E N T H E S S - F - S E A L I N G OESIGN I S COWPROL/ ISED O H T H E E N O S O F 
P A N E L S .AND W H E R E T.-.E S E L F - S E A L I N G GROOVE ( I F PART O F T H E 

S E L F - S E A L I N O DESiGN) HAS BEEN REMOVED FROM PARTIAL WIDTH ROLLS. 

S. GCL MATERIALS THAT .SAVE W T SEEN MANUFACTURED TO PROVIDE SELF 
SEALING SEAMS SHA^L ^ECEN^ A BENTONITE BEAD 10 PROVIDE THE SEAM 
SEAL [N ACCORO.AJ.'CE " I ' m UANLFACTU.iJER'S RECOMMENDATIONS. 

OESlONEO KCS 
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GEOMEMBRANE UNER 
ALL GEOMtWBPJi.NE MATERIALS SHALL SE TEXTTJRED OM BOTH SIDES. 

NO GEOMEMBRANE MATERIALS SHALL BE DEPLOYED IN SUB-FREEZING 
TFMPESA-JRES UNLESS APPROVED HY CWNER VWTH AN APPROVED COLO 
WEATHER DEPLOYMENT PLAN. 

NO SEAMING SHA.LL BE ALLOWED IN SUB-FREEZING TEMPERATURES WITHOUT 
OWNER APt>RC/AL OF A.N APPROPRIATE COLD WEATHER SEAMING PLAN AtvD 
ONLY AFTER PROPER DEMONSTRATION OF PRE-OUALIFIED TEST SEAMS. 

FIELD TESTING ANO QUAUTY CONTROL SHALL PtJLLOW, AT A MINIMUM, THE 
REQUIREMENTS P.ROVIOED IN THE MOST RECENT VERSK3N OF THE 
INTERNATIONAL ASSOCIATION OF GEOSYNTHETIC INSTALLERS HOPE ANO LLDPE 
GEOMEMBRANE INSTALLATION SPECIFICATION. THE HWNUFACTURERS lr!STALl>TICN 
PROCEDURES. AMD/OR THE PROJECT SPECIFICATIONS AMD CQA PLAN, 
WHICHEVER IS MOST STRINGENT. 

DRAINAGE COMPOSITE 
DOL)DL£-S(0ED DRAJNACE COMPOSITE S.'-'AU. CONSIST OF 302 . NON-WOVEN 
GEOTEXTILE BONDED TO BOTH SIDES Of GtONtT. 

GEOMEMBRANE MATERIALS SHALL BE CLEANED OF DIRT ANO DEBRIS =>R10R 
TO DEPLOYMENT OF DRAUIACE COMPOSrlS. 

DRAINAGE COMPOSTTE SHALL BE FASTENED OR SECURED WITH HEAT BONDING, 
SEWING OR OTHER APPROVED METHOO. BETWEEN GEOIEXTILE -ASRIC MATERALS 
ALONG THE ENTRE LENGTH OF THE SEAMS. 

OVERLAPS OF SEAMS SHALL BE. AT A MfNIMUM, Tl-E ODAENSiOnS 
RECOMMENDED BY TKE MA.NUFACTURES. 

PROTECTIVE SOIL COVER 
1 CARE SHALL BE EXERCISED DURING PLACEMENT OF PROTECT^'E SOIL COVER 

ktATERIALS, A MINIMUM COVER THiCKNESS AS DESIGNATED IN TIIE PROJECT 
SPECIFICATIONS ANO/OR THE PROJECT COA PLAN SHALL 3E MAINTAINED AT 
ALL TIMES BETWEEN THE TIRES OR TRACKS OF EQUIPUENT AND THE 
UNDERLYING GEOSYNTHETIC MATERIALS. 

2. NO SHARP, ABRUPT, OR PIVOTING TURNS SHALL BE ALLOWED BY EOJiFMENT 
USED ABOVE THE PROTECTtVE SOIL COVER THAT MAY CAUSE SOIL 
OISPIACEMENT ANO DAMAGE T Q UNDERLYING GEOSYNTHETIC MATERIALS. 

3. ANY WAVES OR WRINKLES THAT BEGIN TO FORM SHALL SE TRAPPED iTr" 
PLACING SUFFCPENT PROTECTEE SOIL CO'/ER BEYOND THE WAViS OR 
WRINKLES TO HOLD THEM IN PIACE AND KEEP THEM FROM COMBINING INTO 
LARGER WAVES OR WRINKLES. 

GRAVEL ARMOR PITTING fSTONE MULCH^ 
1. STONE MULCH SHALL BE PLACED TO A THICKNESS OF 4- INCHES ON ALL 

CLOSURE SURFACES. MINIMUM THICKNESS SHALL BE 2 INCHES OM IDS 
SLOPES .AND 3 INCHES ON 2H:1V SLOPES, 

2. MINIMUM OSO SIZE FOR STONE MULCH SHALL BE 0.98 INCH ANO SH.Ai L 
BE VERriEO BY TEST^JO. 

STORM DRAINAGE SYSTEM 
1. ALL MANHOLES, UDS. ANO RINGS AND COVERS SKALL BE RATED FOR H20 

•i-OAOINGS, 

2. RINGS AND COVERS AND GRATED COVERS SHALL PROVIDE A MINIMUM 
OPENING FOR ACCESS OF 3 0 NCHES. 

3. CRATED COVERS SHALL BE USED FOR EMBANKMENT DRAJNAGE DITCH INLETS 

4- A 10' X 10' CONCRETE APRON SHALL BE "LACED AROUND ALL MANHOLE 
COVERS. 

5. RIPRAP APRON AT CONCRETE BAFFLED OUTLETS TO EXTEND A SrflNIWUU 
DISIANCE OF 5 FEET, TO BE 12 INCHES THICK, AMD HAVE A Dw.^3' . 

6, TYPE L RIPRAP ANO TTPE li RLTtR TO EXTEND AT A RADIUS OF 14 FEET 
MINIMUM FROM THE OCT^NSPOUT PIPE OUTLET (WHERE B/V^^FLrj OUTLETS ARE 
NOT PROVIDED) AND TO CONSIST CF T t « FOLLOWING GRADATIONS: 

X SMALLER 
BY WEIGHT 

INTERMEO'ATE 
ROCK DIMENSION 

(INCHEST 

MEAfJ SOCK 
OiAUETER 

P « ( I , ' J ; H ; 3 ) 

TYPE L 
RPRAP 

TYPE 11 
GP.ANU'JIR 
FILTER 

7 0 - 1 0 0 14 
5 0 - 7 0 12 
3 5 - 5 0 9 
2 - 1 0 3 

U.S. STA.NDARD PERCENT PASSING 
SIEV^ SI7E 3Y WEia-fT 

3-INOH 
3 / 4 INCH 

NO, 4 
NO. 15 

NO, 200 

3 0 - : 0 0 
3 5 - 9 0 
a -3 -0 
0 - i D 
0 - 3 
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GENERAL NOTES 
COOROLNATES ANO ELEVATIONS PROVIDED ARE BASEO ON SrrZ SPEGIFK; 
COORDINATE SYSTEM ANO DATUM CONTROL. 

AJJ. ELEVATIONS PROVIDED ARE BASED ON ORIGINAL EHaWK.UENT OESiGN 
AND CONSTRUCTION ELEVATIONS. ADJUSTMENTS SHAU BE MACE PRIOR 
TO CLOSURE TO ACCOUNT FOR SETTLEMENT. 

LINING SYSTEM SUBGRADES & SOIL FILL 
1. ALL SURFACES PRCNOOING SUBGRADES FOR LINING SYSTEMS SHA_L BE 

PROOF ROLLED FOR SOFT A ^ D / O i l YIELDING SURFACES, SOFT AND/OR 
YIELDING SURFACES SHALL BE COMPACTED TO PROMDE A FiRM 
SUSGFIADE FOR LINING SYSTEMS. 

2 ALL CLAY UNER MATERIALS SHALL SE COMPACTED TO i b % OF ASTM 
D - 6 9 8 AT A MOISTURE CONTENT 3ETOEEN MINUS 2X ANO PLUS « OF 
OPTIMUM. ALL CLAY LINER SHALL MEET ThE REQUIRED PER.MEA8IUTY OF 
1 X 1 0 - 7 CM/SEC. A DEFLOCCULATINC AGENT (SODIUU-TR|.->OLY 
PHOSPHATE) MIXED WITH THE OAY LINER AT A WNIMJU RATE OF 3 ,1 
POUNDS PER 50 CUBIC FEET OF LOOSE MATERIAL IS TYPICALLY REOUIRED 
TO MEET THE REO'JIRED PERMEABILnY. CLAY UNER SURFACES SHALL BE 
MAJiVTAINED UNTIL PIACEUENT OF OVERLYING GEOSYNTHETIC MATERIALS. 

3. ALL FILL MATE-RIALS REQUIRING C0MPAC1I0N. ON THE PERIMETER 
SIDESLOPES, PIPE BACKFIU, AND OTHER DESIGNATED COMPACTION 
AREAS SHAU. BE COMPACTED TO 95% OF ASTM a -S9S AT A 
MOISTURE REQUIRED TO FACIUTATt COMPACTION. 

4. THE SUB-GRADE FOR THE GEOSYNTHETIC MATERIALS SHALL BE FREE 
OF PROTRUOlNG i^OOKS AND OESRIS THAT UAY POTENTIALLY CAUSE 
CWMACE TO THE GEOSYNTHETIC UATERIALS. THE SUBGRADE SHALL 
ALSO BF ROLLED WITH A SMOOTH DRUM ROLLER TO LEAVE THE 
SURFACE SMOO-H, 

5. SORROW SOUBCES FOR 8- lNCH THICK SANO AND 2-FOOT THICK 
PROCTECTIVE SOa. COVER LAYERS TO BE APPROVED BASED DN THE 
FOLLOWING TESTS USING UQUID OBTAINED FROM SYNTHETIC LEACHATE 
PRODUCED USING SORROW SOURCE SOILS: 1. SCREENING CLAY PORTION 
OF GEOSYNTHETIC CLAY LINER FOR CHEMICAL COMPATIBIUTY TO UQUIDS 
(ASTM 06141) : I . SWELL INDEX (ASTM D5890); 3, FLUID LOSS TESTING 
(ASTM 05891) : AND 4.HYDRAUUC CONDUCTIVITY (ASTM 0S766 OR ASTM 
D5084) AS REQUIRED BY THE ENGINEER BASED ON RESULTS OF OTHES 
TESTING. MAXIMUM HTDPAJUC CONOUCTMTY OF CCL SHAU UEO" AN 
EQUIVALENCY OF A 2-FOOT THICK COMPACTED CLAY UNER WITH A 
rfYORAUUC CONOUCTIVr-Y Or 1 X 1 0 - 7 CM/SEC. 

6. COMPACTED CLAY SOIL ON THE PERIMETER SLOPES HAS NO PERMEABILTTr 
REOUIREMENT ANO SHALL BE COM.PACTED TO 95J! OF ASDM 0 - S 9 3 , 

GENERAL GEOSYNTHETICS 
' MANUFACTURER'S CERTIFICATIONS S K A U SE PROVIDED FOR AJJ. RAW 

AND MANUFACTURED MATERIALS, CERTIFICAPJDNS SHALL BE IN 
ACCORDANCE WITH THE UANUFACTURER'S MATERIAL SPECIFICATIONS AND 
PROJECT COA PLAN CRITERIA AND SHALL INCLUDE ALL TEST DATA FOR 
MATERIAJ-S OFLIVERES ANO AT A MINIMUM. THE TEST FREQUENCES 
DESIGNATED IN THE MANUFACTURER'S OUALITY ASSURANCE MANUALS 
AND SPECirCATlONS AHO THE PROJECT CQA PIAN. 

2. ALL GEOSYNTHETIC MATERIALS SHAU BE LOADED. TRANSPORTED, 
OFF-LDADED, STORED, ANO HAS'DLEO IN ACCORDANCE WITH 
MANUFACTURER RECOMMENDATIONS, 

3. AT A MINIMUM, ALL GEOSYNTHETIC MATERIALS SHAU BE INSTALLED IN 
ACCORDANCE WITH UANUFACFJRER'S RECOMMENOATKJNS AND INSTALLATION 
GUIDES ANO IN ACCORDANCE WITH THE PROJECT SPECIHCATIONS ANO CQA 
.=LAN. 

4. THE GEOSYVTHETIC INSTALLER SHALL PROVIDE A SUBGRADE ACCEPTANCE 
CERTIFICATION FOR A U AREAS OF GCL DEPLOYMENT. 

GEOSYNTHETIC CL^Y IINFR (GCA) 
t , A U GCL MATERIALS SHAU BE NEEDLE PUNCH REINFORCED. 

2. GCL SHALL BE DEPLOYED WITH NON-WO'»tN GEOTEXTILE SIDE UP. 

3. ALL DEPLCTfED SCL MATERIALS SHALL BE COf.^RED ffl THE END OF EACH 
WORK OAY " 0 MINIMIZE EVAPORATION OF MCKSTU.RE WITHIN THE BENTONITE 
ANO TO PRCTTECT THE GCL MATERIALS FROM EXPOSURE TO RAINY AND 
SNOWY W E A - H E R . 

4. SEAMING SHALL S t IN ACCORDANCE WPH MANUFACTURER'S REC0MMENDATK3NS. 
THE PROJECT SPECIFICATIONS, »^;D THE PROJECT COA PLAN. 

5 OCL MATERIALS THAT ARE lAANUFACTURED TO PROVIDE SELF-SEALING SEAMS 
AND DO NOT REQUIRE A eENTONHE BEAO SHALL RECEIVE A BENTONITE 
BEAD WHEN Tr<e SELF-SEALING DESIGN iS COMPROMISED ON THE ENOS OF 
PANELS ANO WHERE THE SELF-SEALiNG GROOVE ( T PART OF THE 
SELF-SEAUNG OES'GN) HAS SEEN REMOVED FROM PARTIAL WIDTH ROLLS. 

6. GCL UATERIALS THAT HA'.'E NOT BEEN MANUFACTURED TO PROVIDE SELF 
SEAUNG SEAMS SHAU RECE.^/E A BENTONHE BEAO TO P.ROVIDE THE SEAM 
SCAL IN ACCC.^'DAVCE WITH MANU.FACTJRER'3 RECOMMENDATIONS. 
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GEOMEMBRANE LINER 
A U GEOMEMBRA-VE MATERIALS SHALL BE TEXTURED ON BOTH SIDES, 

NO GEOMEMBRANE MATERIALS SHALL BE DEPLOYED IN SUB-FREEZING 
TEMPERATURES UNLESS APPROVED BY OWNER WITH AN APPROVED COLO 
WEATHER DEPLOYMENT PLAN. 

NO SEAMING SHAU BE ALLOWED IN SUB-FREEZING TEMPERATURES WITHCUT 
©•VNER APPROVAL OF AS APPROPRIATE COLO WEATHER SEAMING PLAN ANO 
ONLY AFTER PROPER DEMONSTRAHON OF PRE-OUAUF!ED TEST SEAMS. 

FIELD TFSTING ANS QUAUTY CCNTROL SHALL FOLLOW. AT A MINIMUM, THE 
REQUIREMENTS PROVIDED IN THE MOST RECENT VERSION OF THE 
INTERiJATlONAL ASSOC ATION OF GEOSYrJTHETC INSTALLERS HDPE A«D LLDPE 
CEOMEMSRANS: INSTAI.IATION SPECIFICATION, THE MANI .'.-ACTURERS INSTALLATION 
PROCEDURES, AND/OR THE PROJECT SPECIFICATIONS AND CQA PLAN, 
WHICHEVER IS MOST STRINGENT. 

DRAINAGE COMPOSITE 
NON-WOVEN 

AND DEBRIS PRIOR 

OOUSLE-SIDED DRAINAGE COMPOSITE SKAU CONSIST OF SOZ. 
GEOTEXTILE BONDED TO BOTH SIDES OF GEONET. 

GEOMEMBRANE MATERIALS SHALL SE CLEANED OF DIRT 
TO DEPLOYMENT OF DRAINAGE COMPOSTS. 

DRAINAGE COMPOSTTE SHALL BE FASTENED OR SECURED WiTH HEAT BONDING, 
SEWING OR OTHER APPROVED METHOO, BETWEEN GEOTEXTILE FABRIC MATERIALS 
ALONG THE ENTIRE LENGTH DF THE SEAMS. 

OVERLAPS OF SEAMS SHALL BE. .AT A MINIMUM, THE DIMENSIONS 
RECOMMENDED SY THE MANUFACTURES. 

PROTECTIVE SOIL COVER 
CARE SHALL BE EXERCISED DURING PLACEMENT OF ,=.ROTECTIVE SOIL COVER 
MATERIALS. A MINIMUM CCWER THICKNESS AS DESIGNATED IN THE PROJECT 
SPECIFICAllDNS AND/OR THE PROJECT CQA PLAN SFALL BE MAJMTAINCD AT 
A U TIMES BETWEEN THE TIRES OR TRACKS OF EOUIPUEW" AND THE 
UNDERLYING GEOSYNTHETIC MATERLALS. 

NO SHAW, ABRUPT, OR PIVOTING TURNS SHAU BE ALLOWFD BY EQUIPHEffT 
USED ABOVE THE PROTECTIVE SOIL COVER THAT MAY CAUSE SOIL 
DISPLACEMENT ANO DAMAGE TO UNDERLTING CEOSYNIHELIC MATERIALS. 

ANY WAVES OR WRINKLES THAT BEGIN TO FORM SHAU BE TRAPPED BY 
PLACING SUFRCIENT PROTECTIVE SOIL COVER BEYOND THE WAVES OR 
WRINKLES TO HOLD THEU IN PLACE AND KEEP THEM FRO.M COMBINING INTO 
LARGER WAVES OR WRINKLES, 

GRAVEL ARMOR PL^TING TSTONE MULCH^ 
1, STONE MULCH SHALL BE PLACED TO A THICKNESS OF 4 INCHES ON ALL 

CLOSURE SURFACES. MINIMUM THICKNESS SHALL SE 2 INCHES ON 10X 
SLOPES ANO 3 INCHES ON 2H;1V SLOPES, 

2, MINIMUM OSO SIZE FOR STONE MULCH SKALL BE O.SS INCH AND SHALL 
BE VERIFIED BY TESTING. 

STORM DRAINAGE SYSTEM 
1. ALL MANHOLES. LIDS. AND RINOS ANO COVERS SHAU BE RATFT> FOR H2D 

LOADINGS. 

2, RINGS ANO COVERS ANO GRATED CCA/ERS SHALL PROVIDE A MINIMUM 
OPENI,NC FOR ACCESS OF 30 INCHES. 

J . CRATED COVERS SHAU SE USED FOR EUBV<KUCftT ORAl.'ttCE DITCH INLETS 

* . A 10' X 10' CONCRETE APRON SHAU BE PLACED AROUND .ALL MANHOLE 
CCk'ERS. 

5. RIPRAP APRON AT CONCRETE BAFP_ED CUTLETS TO EXTEND A MINIMUM 
DISTANCE OF 5 FEET. TO BE 12 INCHES THlCK, AND i+AVE A D » - 3 " . 

S. TYPE L RIPRAP AND TYPE II FILTER TO EXTEND AT A RADIUS OF 14 FEET 
MINIMUM FROM THE DOWNSPOUT PIPE OlFTLET (WHERE BAFFLED OUTLETS ARE 
NOT PROVIDED) ANO TD CONS.'ST OF THE FOLLOWING GRADATIONS: 

S SMALLER 
BY WEIGHT 

INTERMEDIATE 
ROCK DIMENSION 

(INCHES) 

TYPE L 
RIPRAP 

TYPE 11 
GRANULAR 
FILTER 

7 0 - 1 0 0 14 
5 O - 7 0 12 
3 5 - 5 0 9 
2 - 1 0 3 

U.S. STANDARD PERCENT PASSING 

MEAM ROCK 
DIAMETER 

. O K O N C H E S ) 

SIEVE SIZE BY WEKSHT 

3- iNCH 
3/4- INCH 

NO, 4 
NO. 15 

NO, 200 

9 0 - 1 DO 
3 5 - 9 0 
8 - 3 0 
0 - 1 0 
0 - 3 
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Applied Geotechnical engineering Consultants, Inc. 

September 28, 2009 
RevisecJ March 15, 2010 

Hansen, Alien and Luce, Inc. 
6771 South 900 East 
Midvale, UT 84047 

Attention; Kent Staheli 

Subject: Geotechnical Consultation 
Cells 6 and 7 Waste Mounding 
Grassy Mountain Facility 
Tooeie County, Utah 
AGEC Project No. 1090175 

Gentlemen: 

Applied Geotechnical Engineering Consultants, Inc. was requested to evaluate the impact on 
settlement and stability if additional waste is placed in Cells 6 and 7 by raising the height and 
increasing the slope of the closure caps. 

PREVIOUS STUDIES 

AGEC previously conducted a geotechnical investigation for Landfill Cell 6 and presented our 
findings and recommendations in a report dated January 28,1992 under Project No. 11791. 
Waste mounding consisting of an additional 272feet of waste was previously evaluated by 
AGEC for Cell 6 as discussed in our letter dated January 22, 1993 under Project No. 10993. 

AGEC previously conducted a geotechnical investigation for Landfill Cell 7 and we presented 
our findings and recommendations in a report dated December 12, 1995 under Project No. 
45995. 

SCOPE 

We were requested to provide stability analysis and settlement analysis to consider raising 
the height of the waste in Landfill Cells 6 and 7 above the previously designed height. This 
increased height would include raising the height of the 2:1 slope of the cap and increasing 
the slope of the final closure. 

600 West Sandy Parl<way • Sandy Utah 84070 • (801) 566-6399 • FAX (801) 566-6493 
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Stability analysis was conducted considering raising the waste height of the 2:1 slope by 20 
feet and steepening the final closure slope from 5 percent to 10 percent. 

Stability analysis included an evaluation of global stability of the landfill and underlying soil 
structure with the proposed additional waste in place. Local stability of the 2:1 cap slope and 
iiner interface stability were aiso considered. Stability analysis was conducted assuming both 
static and seismic conditions. 

Settlement calculations were performed considering the additional waste height and increase 
in final closure slope. The settiement calculations provide a settlement profile to estimate the 
final slope of the cell floor after settlement. 

This letter has been prepared to present the results of our analysis and our recommendations 
relative to the waste mounding and increase in slope. 

MODIFIED DESIGN 

We understand that the modified design of the Landfiil Cell 6 closure cap is as follows: 
Perimeter Slope: 2:1 (horizontal to vertical) 

Cover Cross-Section: 4" gravel armor plating 
(From top down) 2' compacted ciay soil 

60 mil HDPE textured liner 
compacted clay iiner 

Top Slope: 
Cover Cross-Section: 
(From top down) 

10 percent 
4" gravel armor plating 
2' protective soil cover 
Double-sided drainage composite 
60 mil HDPE textured liner 
GCL 
6" soil cushion 

The modified design of the Landfill Cell 7 closure cap is as follows: 

Perimeter Slope: 
Cover Cross-Section: 

2:1 (horizontal to vertical) 
same as Cell 6 

Top Slope: 
Cover Cross-Section: 
(From top down) 

10 percent 
4" gravel armor plating 
2' protective soil cover 
double-sided drainage composite 
60 mil HDPE textured liner 
GCL 
6" soil cushion 
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EXISTING CONDITIONS 

We understand that significant waste has been placed in Landfiii Cells 6 and 7 and the cells 
are near capacity. Based on a discussion with the landfill operator we understand that the 
waste has consisted of the following: 

Waste Material Fraction 

Soil Type Waste 60 to 70 percent 

Steel (Pipe, Drums etc.) 15 to 20 percent 

Wood, Paper, Plastics etc. 15 to 20 percent 

We understand that waste has been placed with a Caterpillar 07 dozer and compacted with 
a Caterpillar 825 sheepsfoot compactor. 

PROPOSED CONSTRUCTION 

We understand that consideration is being given to increasing the capacity of Ceils 6 and 7 
by increasing the height of the 2 horizontal to 1 vertical perimeter slopes and steepening the 
top slopes of the closure caps. 

We understand that since the time the cells were designed, there has been a change in the 
regulatory requirements for cell floor design allowing the floor slopes of the cells after 
differential settlement to be reduced from 2 percent to 1 percent. In addition, the 
understanding of seismic ground shaking expected for the area studies and the accepted 
practices for seismic analysis have changed. 

WASTE CHARACTERIZATION 

A description of the waste components placed in Landfill Cells 6 and 7 was provided by the 
facility manager as previously described. 

Previous stability evaluations for Landfill Cells 6 and 7 have considered the waste to have a 
cohesive strength of 100 pounds per square foot and friction angles ranging from 20 to 25 
degrees. 

The waste characteristics for hazardous waste landfills are difficult to establish. However, 
recent information related to municipal solid waste landfills has indicated a cohesive strength 
of 300 psf and fiction angle of 36 degrees may be typical for waste landfills of similar 
composition (Bray et al., 2009). In our professional opinion, it is likely that the hazardous 
waste materials described as having been placed in Landfill Cells 6 and 7 have strength 
properties similar to or better than municipal solid waste. Therefore, the strength parameters 
used in our previous stability anaiysis have been conservative. 
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In considering the additional waste mounding and steepening of the finai closure cap for 
Landfill Cells 6 and 7 we have asisumed the waste to have a cohesive strength of 100 psf and 
a friction angle of 25 degrees which is consistent with the values previously used and in our 
opinion are conservative. Higher strengths are not needed to meet the current safety 
requirements. 

SEISMIC CONSIDERATIONS 

At the time of our previous stability analysis, a seismic event having a 90 percent probability 
of not being exceeded in 50 years was considered for design. With this seismic event and 
prior guidance documents, a factor of safety under seismic conditions of 1.3 was used. 

Current practice for the design of municipal solid waste landfills considers a seismic event 
having a 90 percent probability of not being exceeded in a 250 year period (EPA, 1995). If 
the full peak horizontal ground acceleration is used in the analysis and a safety factor 1.0 or 
greater is obtained, it would be concluded that no significant ground deformation would be 
expected from the design seismic event. 

A peak horizontal bedrock acceleration of 0.15g was used for our seismic analysis considering 
a seismic event with a 90 percent probability of not being exceeded in a 250 year period 
(Frankel, et a!., 2002). This bedrock acceleration happens to correspond to the bedrock 
acceleration previously used which was based on the published maps available at that time 
for the more frequent seismic event. The seismic analysis previously performed indicates a 
horizontal ground acceleration of 0.1 Sg for the site resulting fro.Ti the bedrock acceleration 
of 0.1 5g. Therefore, a peak horizontal ground acceleration of 0.1 Bg was used in our 
analysis. 

A summary of the expected seismic ground shaking at the site based on current and previous 
information published by USGS is given beiow as weli as stability safety factors considered: 

Date of Seismic 
Data 

1993-1995 

2002* 

2002* 

Seismic 
Event** 

90 percent in 
50 years 

90 percent in 
50 years 

90 percent in 
250 years 

Peak 
Acceleration 

(Bedrock) 

0.15g 

0.08g 

0.15g 

Peak 
Acceleration 

(Site) 

O.IBg 

not evaluated 

O.IBg 

Factor of 
Safety 

1.3 

N/A 

1.0 

* 2002 data is currentty used by the 2006 building code. 
* * probability of not being exceeded in the time period indicated. 
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STABILITY EVALUATION 

The results of our stability evaluation considering raising the height of the 2:1 waste slope 
by 20 feet and increasing the slope of the final closure cap to TO percent are presented on 
Figures 1 and 2, The soil parameters assumed for the analysis are based on information 
presented in the above-referenced geotechnical reports and from our previous consultation. 
The results of the anatysis indicate a safety factor of 1.5 or greater under static conditions 
and 1.0 or greater under seismic conditions. 

The presence of a pond in the vicinity of Landfill Cell 6 was considered in the analysis and 
was found to have no significant impact on the stability. 

The results of the stability calculations are included in Appendix A for Landfill Ceil 6 and 
Appendix B for Landfill Cell 7. 

Interface material stability for the closure caps was considered. The findings indicate that a 
textured HDPE liner placed in contact with compacted clay for the 2:1 closure slope provides 
a suitable factor safety. For the 10 percent closure slope where a drainage net is in contact 
with the HDPE liner, it is recommended that a textured HDPE liner be used and that a welded 
composite of geotextile and geonet be used over the textured membrane to provide an 
adequate safety factor for stability. Interface stability calculations are included in Appendix 
C. The interface friction angles assumed consider saturated conditions. 

SETTLEMENT 

Settlement of the final closures of Landfill Cells 6 and 7 were evaluated considering the 
original design configuration and a 20-foot increase in waste mounding with 5 percent and 
10 percent slopes for the closure caps. The results of the settlement analysis are presented 
on Figures 3 and 4 . Settlement calculations are included in Appendix D. 

Based on our evaluation of the settlement as it relates to differential settlement of the cell 
floor, the following slopes are calculated after the estimated differential settlement: 
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Ceil Waste Closure 

Estimated Settlement 

Floor Slope Floor Slope 
Crest Sump before after 

(inches) (inches) Settiement (%) Settiement (%) 

6 Current 71 
Design 

6 20' mounding/ 83 
596 cover slope 

64 

76 

2.7 

2.7 

2.4 

2.4 

6 

7 

7 

7 

20' mounding/ 
10% cover slope 

Current 
Design 

20' mounding/ 
5% cover slope 

20' mounding/ 
10% cover slope 

LIMITATIONS 

89 

75 

86 

94 

77 

63 

74 

75 

2.7 

2,3 

2.3 

2.3 

2.2 

2.0 

2.0 

1.8 

This letter has been prepared in accordance with generally accepted geotechnical engineering 
practices in the area for the use of the client for design purposes. The findings and 
conclusions are based on subsurface conditions presented in the above-referenced reports and 
letter, our understanding of the proposed configuration of landfill closures and the assumed 
characteristics of the waste material, if the proposed construction or conditions are found 
to be different from those described above and in the above-referenced reports, we should 
be notified so that we can reevaluate our findings and conclusions. 

Sincerely, 

APPLIED GEOTECHNICAL EISptN^RW?. CONSULTANTS, 

jS-'l^A'^- „• •^ , ' 'Sh . 

Jay R. McQui 

INC. 

vey, P.E. \ /^?) ,^*^-^ ' : ; ; ^ ;v ,^, '̂ 

Reviewed by DRH, P.E., P.G. 
JRM/dc 
Enclosures 
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Cell 6 Stability Analysis Summary 

Soil Parameters 

Material 

Soil Cover 
LandfiU 
Clay Liner 
ErTtbankiT«(nt Fiil 
Clay(1) 
Clav (2) 
Clay (3) 
Clay (4) 
Clay and Siity Sand 

Density 
(pcf) 
120 
120 
110 
130 
130 
120 
110 
110 
110 

Long Term 

Wi i tdea 
28 
25 
28 
32 
30 

cfpsf) 
100 
100 
270 
400 
200 

30 200 
30 200 
27 
30 

200 
200 

Clay 
Clay and SBIv Sand 
Clay 
Clav and Silty Sand 
Clay 
Clay and SUty Sand 
Clav 
Clay and SiSy Sand 
Clay 

Danslty 
(pcf) 
110 
110 
110 

' ~u ' o~ ] 
110 
110 
110 
110 
110 

Long Term 
phKdeq 

27 
30 
27 
30 

1 ^27 
30 
27 
30 
27 

e(psn 
200 
200 
200 
200 
200 
200 
200 
200 
20O 

Stability Results 
Failure Surface 

-^ — » ~ 

— — -.- — 

Safety Factor 
1.93 
1.61 
1.19 
1.11 

Condition 
Static 
Static 

Seismic 
Seismic 

330 1 — 

100 150 

AGEC Project No, 1090175 

Distance, Feet 



Cell 7 Stability Analysis Summary 

Soil Parameters 

Material 

Soil Covw 
Landfill 
Clay Liner 
Emhankment Fill 
Ci9y(l) 
Clay (2) 
Clay (3) 
Clay (4) 
Clay & Sifty Sand 
Lower Clay 

Density 
(pcf) 
110 
120 
110 
130 
130 
120 
110 
110 
110 
110 

Long Term 
phi(deq) 

28 
25 
28 
34 
30 
30 
30 
27 
30 
Z7 

..c(P*fi 
100 
100 
270 
400 
200 
200 
200 
200 
200 
2 0 0 ! 

Stabil tv Results 
Failure Surface 

— w. _ _ 

™ . . . . . ^ 

Safetv Factoi 
1.98 
1.64 
1.20 
1 13 

Condition 
static 
Static 

Seismic 
Seismic 

275 300 325 
Distance, Feet 

AGEC Project No. 1090175 Figure 2 



Ceil 6 Settlement 
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Cell 7 Settlement 
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Appendix A 

Landfill Cell 6 Stability Printouts 
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--SLOPE STABILITY ANALYSIS--
SIMPLIFIED JANBU METHOD OF SLICES 

IRREGULAR FAILURE SURFACES 

PROBLEM DESCRIPTION CELL 6/L,T/STATIC/S0UTH/WRSTS + 2 0 ' 

BOUSD.iVRY COORDINATES 

9 TOP BOUNDASIES 
3 3 TOTAL BOUNDARIES 

BOUNDARY 
NO. 

1 
2 

3 
4 
5 

6 
7 

a 
9 

10 
11 
12 
13 
14 
15 
16 
17 

18 
19 
20 
21 
22 
23 
24 
2S 
26 
27 

28 
29 
30 
31 
32 
33 
34 

35 
36 
37 
38 

X-LE?T 

.00 
211.50 

217.50 
237.30 
310.00 
320.20 
379.40 
3B1.40 
384.40 
320.20 
324.70 
377.10 
382.00 
323.90 
324.70 
328.10 

332.70 
339.00 
333.00 

385.ao 
332,70 
391,50 
323.90 
391.10 
211.50 

. 0 0 

.00 

.00 

.00 

.00 
,00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

y-LEFT 

233.00 
233.00 
240.00 
240.00 
269.CO 
269.00 
298.60 
29B.eO 
297.60 
269.00 
269.00 
295.20 
295.30 
266.70 
269.00 
263.50 
267.00 
267.00 
267.00 
251.40 

267.00 
247.40 
266.70 
244.30 
238.00 

236.00 
234.00 
230.00 
224.00 

220.00 
211.00 
190.00 
187.00 
178.00 

175,00 
172.00 
168,00 
157.00 

X-.^IQHT 

211.50 
217.50 
237.50 
310.00 
320.20 

379.40 
331,40 
384.40 
550.00 
324.70 
377.10 
382.00 
560.00 
324.70 

328.10 
332.70 
339.00 

382.00 
385.80 
560.00 

391.50 
560.00 

391.10 
560.00 
560.00 
560.00 
560.00 
550.00 
560.00 
560.00 

560.00 
SSO.OO 
560.00 
560.00 
560.00 

560.00 
560.00 
560.00 

V-RIGHT 

23B.00 
240.00 
240.00 
269.00 

269.00 
298.60 
298.60 
297.60 

315.16 
269.00 
295.20 
295.30 
313.3.6 
269,00 
268,50 
267,00 
267,00 
295.30 
251.40 
251.40 

247.40 
247.40 
244.30 
244,30 
238.00 
236.00 
234.00 
230.00 
224.00 
220.00 
211.00 
190,00 
187.00 
178.00 
175.00 
172.00 
168,00 
157.00 

SOIL TYPE 
BELOW BND 

S 

3 
3 
3 
3 
1 
1 
1 
1 
3 
2 
2 
4 
2 
2 
2 

1 
4 
1 
1 

2 
2 
3 
3 
5 
6 
7 
8 
9 

10 

11 
12 
13 
14 

15 
16 
17 
IB 

ISOTROPIC SOIL PAFAKETERS 

18 TYPE(S) O? SOIL 

SOIL 
TYPE 
NO. 

TOTAL 
UNIT WT. 

SATURATED 
UlMIT WT. 

COHHSION 

IhTTERCEPT 
FRICTION POPJS 

ANGLE PRESSURE 
(DSG) PAR.At4ETER 

PRESSURE 
CONSTANT 

PIEZOMETRIC 

SUKFACE 
NO. 



1 
2 
3 
4 
5 
S 
7 

8 

9 
10 
11 
12 
13 
14 

15 
16 
17 
IS 

120.0 
110.0 
130,0 
120.0 
130.0 
120.0 
110.0 
110.0 
110,0 

110 .0 
110,0 
110 ,0 
110.0 
110,0 
110,0 
110 ,0 
110.0 
110,0 

12-J.O 
110.0 
130.0 
120.0 
130,0 
120.0 
110.0 
110.0 
110,0 
110, 0 

110.0 

110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
310.0 

100,0 
270.0 
400,0 
100,0 
200,0 
200,0 
200,0 
200,0 
200,0 
200.0 
200.0 
200.0 

200.0 
200.0 
200.0 
200.0 
200,0 
200,0 

28.0 
28.0 
32,0 
25,0 
30,0 

30.0 
30.0 
27.0 
30.0 
27.0 
30.0 
27.0 
30.0 

27.0 
30.0 
27.0 
30.0 
27.0 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

,00 
.00 
.00 
,00 
,00 
.00 
.00 
.00 

.00 

.0 
, 0 
.0 
.0 
.0 
. 0 
.0 
,0 
.0 
.0 

.0 

.0 
,0 

.0 

. 0 
,0 
,0 
.0 

1 
1 
1 
1 

1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 

TJNITWEIGHT OF MATER =. 62,40 

PIEZOMETRIC SURFACE NO. 1 SPECIFIED BY 2 COORDINATE POINTS 

POINT 
NO. 

1 
2 

X-WATER 

.00 
SSO.OO 

Y-WATER 

234.00 
234.00 

A CRITICAL FAILURE SURFACE SEARCHING METHOD, USING A RANDOM 
TECHNIQUE FCR GENERATING CIRCULAR SURFACES, HAS BEEN SPECIFIED, 

2500 TRIAL SURFACE.? .HAVE BEEN GENERATED, 

50 SURFACES INITIATE FROM EACH OF 50 POINTS EQUALLY SPACED 
ALONG TKE GROUND SURFACE BRTWEKN X " 100,00 

AND X = 200,00 

EACH SURFACE TERMINATES BETWEEN X « 330.00 
RND X = 450.00 

UNLESS FURTHER LIMITATIONS vnSRE IMPOSED, THS MINIMUM ELEVATION 
AT WHICH A SURFACE EXTENDS IS Y =150,00 

10,00 FT, LINE SEGMENTS DEFINE EACH TRIAL FAILURE SURFACE. 

FOLLOWING ARE DISPLAYED THE TEN HOST CRITICAL OF THE TRIAL 
FAILURE SURFACES EXAMINED. THEY ARE 0PJ3ERED - MOST CRITICAL 
PIRST. 

SAFETY FACTORS ARE CALCULATED BY THE MODIFIED 3ISH0P METHOD. 

FAILURE SURFACE # 1 SPECIFIED BY 28 COORDINATE POINTS 

SAFETY FACTOR - 1.93 3 



X-CENTBR = 2 6 6 , 1 2 
Y-CENTER = 3 7 8 . 8 9 
RADIUS = 1 6 5 . 3 4 

)INT 
NO. 

1 
2 
3 
4 
5 
6 
7 

3 
9 

10 
11 
12 
13 
14 
15 

IS 
17 

18 

19 
20 
21 
22 
23 
24 
25 
26 
27 

28 

X-SURF 

179.59 
188.27 

197.23 
206.44 
215.87 
22S.49 
235.2S 
24S.13 
2 5S.08 
265.07 
275.07 

285.03 
294.93 
304.72 
314.37 
323.34 
333.10 
342,12 

3S0.8S 
359,28 
367,37 

375.09 
382,40 
389.30 
39S.74 
401.71 
407.18 
411.36 

Y-SURF 

238.00 
233.03 

223.59 
224.70 
221,37 
218.62 
216.46 

214.89 
213.92 
213,56 
213.79 

21-1.64 
216.08 
218.12 
220,75 
223,95 
227.73 
232.05 

236.92 
242,30 
248,13 
254.54 

261.36 
258.60 
276.25 
234.27 

292.64 
300.32 

ALPHA 
(DEG) 

-29,82 
-26.35 
-22.89 
-19.42 
-15.95 
-12.49 
-9.03 
-5.56 
-2.10 
1.37 

4.84 
8.30 

11.77 
15.23 
18.70 

22,17 
25.63 
29.10 
32.55 

36.03 
39.50 
42.96 
46.43 
49.89 
53.36 
56.82 
60.29 

SLICE 
NO. 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 

12 
13 
14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

X 

181.34 
184.33 
187.42 
191.32 
195.80 
201.83 
207.43 
209.96 
213.69 
215.69 
219.08 
223.08 
230.37 
236.37 

241.31 
250.10 
260.08 
270.07 
280.05 
289.98 
299.82 
307.36 
310.81 
312.99 
317.28 
322.02 
323-87 

DX DW DQ DN DSr 

3 

3 
1 
6 
2 
9 
1 
3 
4 

1 
3 
4 
9 
2 
7 

9 
5 

10 
S 

9 
9 
5 
1 
2 
5 

3 

49 
49 
70 
11 
85 
21 
98 
08 
37 

63 
17 
82 
76 
2S 
63 
95 
99 
00 
96 
90 
79 
28 
62 
75 
83 
64 
06 

453 
1325 
939 

4725 
2901 

12062 
3089 
5113 
8302 
3483 
7131 

11444 

25096 
6096 

22329 
35538 

41599 
468S0 
51305 
54S14 
57364 
32006 
9857 

16577 

34291 
21151 

355 

58 
83 
58 
61 
73 
21 
10 
39 
25 
29 
17 

59 
49 
46 
57 

91 
24 
73 
55 
00 
98 
77 

00 
77 

43 
09 
32 

00 
00 
00 
00 
00 
00 
00 
00 
00 

00 
00 
00 
00 
00 
00 
00 
00 

00 
00 
00 
00 
00 
00 
00 

00 
00 
00 

59 
1057 
934 

4591 
1263 
2149 
3429 

1359 
2786 
4592 

10270 
2.519 
8915 

12226 
12643 
12682 
12345 
11631 
10544 
5177 

1437 
24 23 
4712 

2555 
41 

00 
00 
41 

.88 
49 
12 
20 
19 
94 
00 
38 
40 
55 
38 
62 
88 
31 
77 
08 
B4 
68 
98 
49 
09 
48 
94 
03 

918 
2131 
1375 

5358 
2837 

10058 
2302 
3791 
6194 
2530 
5169 
8067 

15635 
3852 

149S3 
24201 

29304 
33972 
38204 
41996 
45345 
2597S 

8099 
13574 

28403 
17S36 

303 

56 
63 
16 
29 
52 
36 
91 
29 
96 
11 
68 
34 
27 

29 
31 
93 
20 
40 
27 
79 

49 
75 
87 

12 

21 
36 
01 

690 
1052 
613 

2305 
1077 
3635 
823 

1470 
2329 

930 
1884 
2644 
5419 
1251 
4740 
7413 
37S8 
998S 

11103 
12103 
12986 
7412 
230S 
4346 
9119 
5724 

97 

3 9 
57 
13 
62 
08 
61 
97 

24 
72 

Sl 
94 

63 
06 
06 

03 
38 
17 
55 
93 
32 
33 
64 
28 
76 
72 
34 
28 



28 
29 
3D 
31 
32 
33 
34 

35 
36 
37 

38 
39 
40 
41 
42 
43 
44 
45 
45 
47 

48 
49 
50 
51 
52 
53 
54 
55 
56 
57 

AGEC 
Midvale 

323.92 
324.32 
33S.40 
330-4 0 

332.90 
335.47 

338.42 
340,55 
343-66 
347.41 

350.03 
351.70 
335.92 
353.33 
369.11 
372.25 
374,36 
375.26 
376.26 
378.2S 
380.40 
381.70 

382.20 
383.40 
386.85 
392.52 
398.72 
404.44 
408.75 

410.94 

UT s/n520( 

.05 

.75 
3.40 

4 .60 
.40 

4 .74 
1.16 
3.12 
3.50 
3.59 
1.65 
1.70 
6.73 
3.09 
3.46 
2.79 
1 .44 
.34 

1.67 

2.30 
2.00 
.60 
.'.0 

2.00 
4.90 
6.44 
5.97 
3.47 
3.14 
1.24 

5 

291.86 
4375.95 

19791.48 
26841.55 
2339.22 

27671.96 
6798.35 

18223.17 

20463.11 
20953.59 
9558.99 
9790.04 

38146.04 

43966.30 
13117.18 
14200.01 
7242.40 
1596.04 
8259.90 

11133.26 
9366.05 
2720.45 
1802.39 
8503.94 

18596.95 
20089.24 
13443.01 

7313.95 
1747.70 
152.66 

,00 
.00 
.00 
.00 

.00 

.00 

.00 

.00 
,00 
,00 
.00 
,00 
,00 
,00 
,00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

rtrtj 

.00 

.00 

33.63 
4 97.73 

2062.23 
228.5.00 
171.35 

1603.40 
299.77 

581.00 
243.04 

.00 

.00 

.00 

.00 
-OC 
.00 
.00 
.00 
.00 
,00 
.00 
,00 
.00 
-00 
,00 
.00 
.00 
.00 
An 

r-yti— 

.00 

.00 

248.96 
3786.70 

17296.66 
23920.69 
2109,79 

25520,81 
6277.06 

17020.67 

19675.04 
20359.32 
9287.45 
9543.82 

36642.05 
42798,87 
17931.36 
14561.26 
7585,93 
1827.18 
9125.59 

12299.03 
103'-13.31 
3003,23 
1989.41 
9722.32 

21330.95 
23764.23 
16483.82 

—9-1-9 2.37 
2075.31 

54.70 

79.92 
1031.85 
4938.64 
6818.57 
SOO.78 

7269.84 
2008.23 
5440.82 
S290.04 
6505.82 
2368.71 

3088.37 

13496.52 
15903.07 
6729.34 
4538.02 
2183.15 

526.SO 
2319.75 
3129.25 
2636.29 
766.84 

503.44 
2494.91 
5512.76 
6249.48 
4493.36 

2734-58 
828.Q2 
144.55 

FAILURE SURFACE # 2 SPECIFIED 3Y 29 COOPJDIHATE POINTS 

SAFETY FACTOR 1 . 9 3 5 

X-CENTER 
Y-CENTER 
RADIUS « 

POINT 

NO. 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

20 
21 
22 

23 

250 
38S 

174.14 

X-SURF 

169.39 
178.06 
187.00 
196.18 
205.57 

213.15 
224.87 
234.72 
244.64 

2S4.62 
264.62 
274.61 

284.55 
294.41 

304.16 
313.77 
323.19 
332.42 
341.40 
350.12 
3SS.55 
366.65 
374.40 

54 
38 

Y-SUHP 

233.00 
233.01 
223.53 
224.57 

221.14 
218.26 
215.93 
214.17 
212.97 

212.34 
212.29 

212.31 
213.91 
215.57 
217.79 

220-38 
223.91 
227.77 

232.16 

237.05 
242.44 
243.31 
254 ,62 

ALPHA 

(DEG) 

-29.92 
-26.62 
-23.33 
-20.04 
-16.75 
-13.46 
-10.17 
-6.38 
-3.59 
-.30 
2.99 
6.28 
9.57 

12.86 
16.15 
19.44 
22.73 
26.03 
29.32 
32.61 
35.90 
39.19 
42.48 



24 

25 

26 
27 

23 

29 

AGEC 

Midvale 

381.77 

383.75 
395.30 
401.41 

407.05 

411.92 

261 
268 

275 
234 

2 92 

300 

UT B/n5206 

.38 

.54 

.10 

.01 
,27 

.35 

45 

49 

52. 

55 

58. 

,77 

,06 

,35 

,64 

,93 

FAILURE SURFACE # 3 SPECIFIED BY 28 COORDINATE POIINTTS 

SAFETY FACTOR = 1.935 

X-CENTER ^ 2 65, 
Y-CE.NTER --= 2 6 9 . 
IRADIUS 

POINT 

NO, 

:. 
2 

3 
4 

5 

6 
7 

8 

9 
10 

11 

12 

13 

14 

15 
16 

IT 

18 

19 

20 
21 

22 
23 

24 
25 

26 
27 

28 

AGEC 
Midvala 

156.2; 

X-SURF 

181.63 
190.24 

199.16 

2C3.35 
217.77 

227.38 

237.16 

247.04 

257.01 
267,01 

277,00 

286,94 

296.80 

306.52 

316.08 

325.43 
334.53 
343.36 

351,86 
360.00 

367.76 
375.10 

361.99 
383.41 

394.32 

399.70 
404.53 
404.91 

39 
87 

Y-SURF 

238.00 
232.91 

228,38 
224.44 

221.08 

218.34 

215.22 

214.73 
213.67 

213.66 

214.08 

215.14 

215.64 

219.16 
222.10 

225.64 
229.78 

234.49 

239.76 

245.56 

251,86 

258.65 

255.90 
273,57 

231.64 
290.07 

298.63 
293,65 

DT 3/n5205 

ALPHA 

(DSG) 

-30.59 
-26.92 

-23.25 
-19.58 

-15.92 
-12.25 

-8.58 

-4.91 
-1,24 

2,43 

6,09 

9.76 
13.43 

17.10 

20.77 

24.43 
28.10 
31.77 

35.44 
39.11 

42.78 

46.44 

50.11 
53.78 

57.45 
61.12 
64.78 

P.AILURE SURFACE # 4 SPECIFIED BY 23 COORDINATE POINTS 

SAFETY FACTOR 1.937 

X-CENTER 

Y-CENTER 
RADIUS = 

POINT 

KO. 

1 
2 

3 
4 

269. 

376. 
161.88 

.X-SURF 

185.71 

194.41 

203.40 
212.S4 

91 

26 

Y-SURF 

238.CO 
233.07 

228,68 
224.65 

ALPHA 

(DEG) 

-29.57 

-25,03 

-22,49 

-18.95 



5 
6 
7 

8 

9 
10 

11 
12 

13 
14 

15 
15 
17 

18 
19 
20 
21 

22 
23 
24 
25 
26 
27 
28 

AGEC 
Midvale 

222.10 
231.74 
241.52 
251.42 
261.33 
271.38 
231.37 

291.32 
301.19 
310.93 
320.52 
329.92 
339.09 
347.99 
356.60 
364.88 
372.79 
380.31 
337,41 
394.06 
400.24 

405.91 
411-07 

412.84 

221.60 
218.95 
216.39 
215.44 

214.61 
214.39 
214.79 

215.31 
217.44 
21S.67 
222.50 
225.93 

229-91 
234.47 

239.56 
245.17 

251.29 
257-88 
264.92 
272.39 
230.25 
288.48 
297.05 
300.44 

UT s/n5206 

-15.41 
-11.87 
-8.33 
-4.79 

-1.25 
2.29 

5.83 
9.37 

12.91 
16.45 
19.99 
23.53 
27.07 
30.61 
34.15 
37.69 
41.23 
44.77 

48.31 
51.85 
55.39 

53-93 
62.47 

FAILURE SURFACE tf 5 SPECIFIED 3V 30 COORDINATE POINTS 

SAFETY FACTOR 1.939 

X-CENTER " 257.93 
Y-CENTER = 387.90 
RADIUS = 176,23 

POINT 
NO. 

1 
2 
3 
4 

5 
6 
7 
8 
9 

10 

11 
12 
13 
14 

15 
16 
17 
18 

19 
20 
21 
22 
23 
24 

25 
26 
27 
28 

29 

X-SURF 

165.31 
173.96 
182.88 
192.04 
201.42 

210.93 
320.69 
230.52 
240.44 
250.41 
2S0.41 
270.40 
280.35 
290.23 
300.01 
309.65 
319.12 
328.40 
337.45 
345.24 
354.75 

362.95 
370,81 

378.30 
385.41 
392.11 

398.36 
404.20 
409.54 

Y-SURF 

238.00 
232.98 
228,47 

224,47 
220.99 
213,05 
215,66 
213.62 
212.54 
211,83 
211.69 
212.10 
213.09 
214.64 

216.75 
219.41 
222,61 
226,35 
230.60 
235.36 
240.61 
246,34 
252,52 
259,14 
266,17 

273.60 
231.39 
289.52 
297.98 

ALPHA 
(OEG) 

-30.10 
-26.35 
-23.60 
-2 0.35 
-17.09 
-13.84 
-10.59 
-7.34 
-4.09 
-.84 
2.42 
5.67 
8.92 

12.17 
15.42 
13.67 

21.93 
25.18 
23.43 
31.63 
34.93 
38.19 
41.44 
44.69 
4 7.94 

51,19 
54.44 
57.70 
60.95 



30 410.80 300,24 

kSEC 
Midvale UT s,'n52 06 

FAILimE SURFACE it S SPECIFIED BY 29 COORDINATE POINTS 

SAFETY FACTOR = 1.93 9 

X-CENTER = 2 73.59 
Y-CENTER - 331.13 
RADIUS = 169.03 

POINT 

NO. 

i 

2 
3 
4 

5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 
17 

18 
19 
20 
21 
22 
23 
24 
25 

26 
27 

28 
29 

AGEC 
Midvale 

X-SURF 

133.57 

192.30 
201.20 
210.36 
219.74 
229.31 

239.03 
348.88 
258.31 
268.79 
278.79 

288.73 
298.70 

308.55 
318.26 

327.33 
337.20 
346.35 
355.24 

363.85 
372.14 
380.09 

387.67 

394.84 
401.60 
407.90 
413.73 

419.08 
422.57 

Y-SURF 

238.00 
232.93 

228.39 
224.37 

220.91 
216.00 
215.67 

213.92 
212.75 
212.17 

212.13 
212.78 

213.93 
315.76 
218.11 
221.04 
224.53 
228.55 
233.13 
238.22 
243.81 
249.38 
256.40 
263.37 

270.75 

278.51 
286.53 
295.03 
301.42 

UT B/n5206 

ALPHA 
(DEG) 

-30.44 

-27.05 
23.66 

-20.27 
-16.88 
-13.49 

-10.10 
-6.71 
-3.32 

.07 

3.46 
S.8S 

10.24 
13.63 
17.02 
20.41 
23.80 
27.19 
30.58 
33.97 
37.36 
40.75 
44.14 

47.53 
50.92 
54.31 
57,70 
51.09 

FAILURE SURFACE # 7 SPECIFIED BY 27 COORDINATE POINTS 

.SAFETY FACTOR = 1.939 

X-CEKTER = 259.34 
Y-CENTER = 367.75 
RADIUS = 153.28 

POINT 

NO. 

1 
2 
3 

4 

5 
6 
7 

8 

X-SUUF 

167.76 
196.39 

205.34 
214.55 
224.01 

233.65 
243.45 
253.35 

Y-SURF 

238.00 
232.95 
228.43 
224.61 
221.34 
218.70 
216.59 
215.32 

ALPHA 
(DEG) 

-30.29 
-26.55 
-22.81 
-19.07 

-15.33 
-11.59 
-7.86 
-4.12 



9 

10 
11 
12 
13 
14 
15 
16 
17 

la 
19 
20 
21 
22 
23 
24 
25 
26 
27 

AGEC 
Midvale 

263.33 
273.33 
283.31 
293.23 
303.05 
312.73 
322.22 
331 .49 
340.50 
349.20 
357.56 
365.54 
373.12 
380.25 
386.92 
393.08 
398.71 
403.80 
406.65 

UT s/i"i5 

214.60 
214.54 
215.12 

216.36 
218.24 
220.75 
223.90 
227.65 
232.00 
236.93 
242,42 
248,44 
254.97 
261.97 

269.43 

277.31 
285.57 
294.18 
299.83 

206 

- .38 
3.35 
7.10 

10.84 
14.58 

13.31 
22.05 
25.79 
29.53 
33.27 

37,01 
40.75 
44,49 
48.22 
51,96 
55.70 
59.44 
63.18 

FAILLTiE SLiRFACE tf 8 SPECIFIED BY 30 COORDINATE POINTS 

SAFETY FACTOR 1 . 9 4 1 

X-CEOTER = 26 4 
Y-CENTER » 399 
RADIUS 

POINT 
NO. 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 

13 
14 
15 
16 
17 

18 

19 
20 
21 
22 
23 
24 
2 5 

26 
27 

28 
29 
3D 

AGEC 
Midvale 

186.54 

X-SURF 

171.43 
180.23 
189.27 
198.52 
207.97 
217.57 

227.32 
237.16 
247.09 
257,07 
267,07 

277.06 
287.02 
296.91 
306.71 

316.38 
325.91 
335.26 
344.41 
353.33 
361.99 
37C.37 

378,45 
386.20 
393.60 
400.63 
407.27 

413.50 
419.30 
423.04 

50 
66 

Y-SURF 

333.00 
233.24 
228.97 
225.18 
221.90 
219.12 
216.87 

215.14 
213-94 
213.27 
213.14 
213.54 

214.48 
215.96 

217.96 
220.48 
223.52 
227.06 
231.10 

235.63 
240.62 
246.07 

251.97 

258.29 
255.01 
272.12 
279.60 
287.43 
295.57 

301.46 

UT s/n5206 

ALPHA 

(DEG) 

-28.39 
-25.32 
-22.25 
-19.18 
-16.11 
-13.04 
-9.96 

-6.89 
-3.32 
- .75 
2-32 

5.40 
8.47 

11.54 
14.61 
17.53 
20.76 
23.83 
26,90 
29.97 
33.04 
36.11 

39.19 
42.26 
45.33 
48.40 
51.47 
54.55 
57.62 



FAILURE SURFACE # 9 SPECIFIED BY 27 COORDINATE POICTS 

SAFETY FACTOR 1.943 

X-CENTER 
Y-CENTER 
RADIUS = 

POINT 
NO, 

1 
2 

3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

18 
19 
20 

21 
22 
23 
24 
25 
26 
27 

AGEC 
Midvale • 

264, 
357. 

GO 
35 

146,19 

X-SURF 

179.59 
167.95 
196.66 
205.69 
214.99 
224.52 
234.24 
244.03 
254.04 
264.03 
274 . 03 
283.97 
293.S3 

303.54 
313.07 
322.37 
331.40 
340.11 

348.46 
356.42 
363.95 
371.01 
377.57 
383.60 
339.06 
393.95 
398.00 

Y-SURF 

238.00 
232,51 
227,60 
223,30 
219,63 
216.60 
214.23 
212.53 
211.51 
211.17 
211.31 
212.54 
214.24 
215.61 

219.65 
223.32 
227.63 

232,54 
238.03 

244.09 
250,67 

257,75 
255,30 

273,28 
281,65 
290.38 
298.96 

UT s/nS2Q6 

ALPHA 
(DEG) 

-33.31 

-29.35 
-25.47 

-21.55 
-17.63 
-13.71 
-9.79 
-5.87 

-1.9S 
1.97 

5.89 
9.81 

13.73 

17.65 
21.57 

25.49 
29.41 

33.33 
37.25 
41.17 
45.09 
49.01 
52.93 
55.65 
60.77 

64-69 

FAILURE SURFACE tJlO SPECIFIED 3Y 27 COORDINATE POINTS 

SAFETY FACTOR = 1 , 9 4 3 

X-CENTER = 2 7 4 , 2 3 
Y-CENTER « 3 6 0 , 4 7 
RADIUS - 1 4 7 , 6 1 

POINT 
NO. 

1 
2 
3 
4 

5 

6 
n 

8 
9 

10 
11 
12 
13 
14 
15 

X-SURP 

191.84 
200.32 
209.14 
218,26 
227,64 

237,23 
246,99 
255.87 
266,34 
276.83 
286,82 
296,75 
306,53 
316,25 
325.74 

Y-SURP 

238.00 
232.70 
227.95 
223.89 
220.41 

217.58 
216.40 
213.89 
213.05 
212.89 
213.40 
214.59 
216.45 
218.97 

222.14 

ALPHA 

(DEG) 

-31.99 
-28.11 
-24.22 
-20.34 
-15.45 
-12.53 

-8,70 
-4.61 
-.93 
2.95 

6.83 
10.72 
14.60 
18.48 
22.36 



16 
17 
18 
19 
20 
21 
22 

23 
24 
25 
26 
27 

334 
343 
352 
360 
358. 
376 
383 

3S9 
395 
401 
405 
408 

.98 
95 
60 
89 
78 
24 

23 
72 

63 
08 
90 
82 

225.95 
230.37 

235.39 
240.93 
247,12 
253.79 
260.94 
263.5S 

276.58 
284.99 
293.76 

300.04 

26 
30 
34 
37 

41 
45 
49 
53 
57 
61 

65 

.25 

13 
01 

89 
78 

es 
54 
42 
31 

19 
07 

157.00 227.00 

X .00 *****---** + **-

297.00 357.00 437.00 507.00 

70.00 

A 140.00 r 

X 210.00 * 

1 280.00 + 

S 350.00 + 

420.00 t-

5 
21 

213 
514. 
21 

210 
14. 
14. 
1. . 
1. . 
1, , 
13, 
61, 
1. 
61 
11 
613 

11 
6413 

.•41139.* 
**.641139 
. . . . ,6311, 

66 

490.00 -̂

560,00 * -+*T** -****•* 



AGEC 
Midvale UT s/n5206 

^ / I / I O 

CELL 6/LT/SEISMIC/SOUTH/WASTE -+-20^ 

o 
in 

to 

< 

i 
tN 

C N I • 

CNI 

LO 

250CSURFACES HAVE BEEN GENERATED 
10 MOST CRITICAL OF SURFACES GENERATED 
MINIMUM FACTOR OF SAFETY - 1.187 

0. 70. 140. 210. 280, 

X-AXIS 
350. 420. 490. 560. 



--SLOPE STABILITY ANALYSIS--
SIMPLIFIED JANBU r<IETHOD OF SLICES 

IRREGULAR FAILURE SURFACES 

PROBLEM DESCRIPTION CELL 5/LT/SEISMIC/SOUTH/WASTE -1-20' 

BOUNDARY COORDINATES 

9 TOP BOUNDARIES 
33 TOTAL BOUNDARIES 

BOUNDARY 
NO. 

1 
2 
3 
4 
5 
6 
7 

B 

9 
10 
11 
12 
13 
14 
15 
15 
17 
18 

19 
20 
21 
22 

23 
24 
25 
26 
27 

28 
29 
30 

31 
32 
33 
34 
35 
35 
37 

38 

X-LEFT 

.00 
211,50 
217,50 
237.50 
310,00 
320.20 
379.40 
331.40 
384.40 

320.20 
324.70 
377.10 

382.00 
323.90 

324.70 
328,10 
332,70 

339.00 
339.00 
385.80 
332,70 
391,50 
323.90 
391-10 
211.50 

.00 
,00 
.00 
.00 
,00 

,00 
,00 
,00 
,00 
,00 
-00 
.00 
.00 

Y-LEFT 

23S.OO 
238.00 
240.00 
240.00 
369,00 
269.00 
298,60 
293,60 
297,60 
269.00 

269.00 
295.20 

295.30 
266.70 
269.00 
268.50 
267.00 
267.00 
267.00 
251.40 
267.00 
247.40 
256.70 
244.30 

338.00 
236.00 
234.00 
230.00 
224.00 
220,00 
211.00 
190.00 
187.00 
178.00 
175.00 
172.00 
168.00 
157.00 

X-RIGHT 

211..50 
217.50 
237.50 
310.00 
320.20 
379.40 
381.40 
384.40 
560.00 
324.70 
377.10 
382,00 
560.00 
324.70 
323.10 
332.70 
339.00 

382.00 
335.80 
560,00 
391.50 
560.00 
391.10 
560.00 
560,00 

560.00 
560.00 
560.00 

550.00 
560.00 

560.00 
560.00 
560.00 
560.00 
560,00 
560.00 
550.00 
550.00 

Y-RIGHT 

238.CO 
240.00 
240.00 
269.00 
269.00 
298.50 
298.60 

297.60 
315.16 
269.00 
295.20 
295.30 

313.16 
269.00 

268.50 
267.00 
267.00 
295.30 
251.40 
251.40 
247.40 
247.40 

244.30 
244.30 
238,00 
236,00 
234.00 
230.00 
224.00 
220.00 
211.00 
190.00 
187.00 
178.00 
175.00 
172.00 
168,00 
157,00 

SOIL TYPE 
BELOW BND 

5 
3 
3 
3 
3 

1 
1 
1 
1 
3 
2 

2 
4 

2 
2 
2 
1 
4 

1 
1 

2 
2 
3 
3 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
IS 
17 

la 

ISOTROPIC SOIL PARA.METERS 

13 TYPE(S) OF SOIL 

SOIL TOTAL SATURATED COHESION FRICTION PORE PRESSURE PIEZOtlETRIC 
TYPE UNIT WT. UNIT WT. INTERCEPT ANGLE PRESSURE CONSTANT SURFACE 
NO. (DEG) PARAHETER NO. 

120.0 120.0 iOO.O 28.0 .00 .0 



2 
3 
4 
5 
6 
7 
3 
9 

10 
1 1 
12 
13 
14 
15 
16 
17 
16 

110 .0 
130 .0 
120 .0 
130 .0 
120.0 
110 .0 
110.0 
110 .0 
110 .0 
110-0 
110-0 
110.0 
110.0 
110.0 
l iO.O 
110 .0 
110.0 

110.0 
130.0 
120.0 
130.0 
120.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 

270.0 
400.0 
100.0 
200.0 
200.0 
200,0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200. 0 
200.0 
200.0 
200 .0 
200.0 

28.0 
32.0 
25.0 
30.0 
30.0 
30.0 
27.0 
30.0 
27.0 
30.0 
27 .0 
30.0 
27. 0 
30 .0 
27.0 
30 .0 
27.0 

. 0 0 

. 0 0 

. 0 0 

. 00 

. 0 0 

. 0 0 

. 00 
. 0 0 
. 00 
. 0 0 
. 0 0 
. 0 0 
, 00 
. 00 
, 0 0 
, 0 0 
. 0 0 

. 0 

. 0 

. 0 

. 0 
,0 
,0 
. 0 
, 0 
,0 
,0 
, 0 
, 0 
, 0 
,0 
.0 
-0 
-0 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 PIEZOMETRIC SURFACE (3) HAVE BEEN SPECIFIED 

UNITWSIGHT OF WATER = 62,40 

PIEZOMETRIC SURFACE NO. 1 SPECIFIED BY 2 COORDINATE POINTS 

>OINT 
NO. 

1 
2 

X-V;ATER 

.00 
5 6 0 . 0 0 

Y-WATER 

2 3 4 . 0 0 
2 3 4 . 0 0 

A HORIZONTAL E.ARTHQUAKE LOADING COEFFICIENT 
OF .180 HAS BEEN ASSIGNED 

A VERTICAL EARTHQUAKE IJOADING COEFFICIENT 
OF .OOQ HAS BEEN ASSIGNED 

CAVITATICe; PRESSURE .0 

A CRITICVL FAILURE SURFACE SEARCHING METHOD, USING A RANDOM 
TECHNIQUE FOR GENERATING CIRCULAR SURFACES, HAS BEEN SPECIFIED. 

2500 TRIAL SURFACES HAVE BEEN GENERATED. 

50 SURFACES INITIATE FRCM EACH OF 50 POINTS EQUALLY SPACED 
ALOSfG THE GROUND SURFACE BETWEEN X = 100.00 

AND X - 300.00 

EACH SURFACE TERMINATES BETWEEN X - 330.00 
AND X = 450.00 

UNLESS FURTHER LIMITATIONS VfERE IMPOSED, THE MINIMUM ELEVATION 
AT WHICH A SURFACE EXTE^JDS IS Y =150.00 



1 0 . 0 0 F T . LINE SEGMENTS DEFINE EACH TRIAL FAILURE SURFACE. 

FOLLOWING ARS DISPLAYED TKE TEN MOST CRITICAL OF THE TRIAL 
FAILURE SURFACES EXAMINED. THSY ARE ORDERED - .'̂ iOST CRITICAL 
FIRST.. 

SAFETY FACTORS ARE CALCULATED BY THE MODIFIED BISHOP METHOD. 

FAILURE SURFACE # 1 SPECIFIED BY 33 COORDINATE POINTS 

SAFETY FACTOR = 1 . 1 8 7 

X-CEN: 'BR = 254 
Y-CENTER = 433 
RADIUS 

POINT 
NO. 

1 
2 
3 
4 
5 
6 
7 

3 
9 

10 

1 1 
12 
13 
14 

1.5 
16 
17 

18 
13 
20 
21 
22 
23 
24 
25 

26 
27 
23 
29 
30 
31 
32 
33 

221.82 

X-fiUR.F 

148.98 
157.89 
167.00 
176.28 
185.72 
1S5.30 
205.00 
214.80 
224,68 
234.62 
244.6 0 
254.60 
264.59 
274.57 

284.50 
294.33 
304.17 

313.SS 
323,42 
332-85 

342.11 
351.20 

360.09 
368.76 
377.21 
385.40 

393.32 
400.95 
408.30 
415.33 
422.04 
428.40 
423.14 

08 
3S 

Y-SURF 

238.00 
233,46 
229.33 
225.61 
222.32 
219.45 
217.02 
215,03 

213.48 
212,38 
2 1 1 . • : ! 3 

211,52 
211.77 
212.47 
213.62 
215.21 
217.25 
219.73 
222.64 
225.98 
229.74 
233.91 

233.49 
243.47 

24 8.83 
254.57 
260.67 

267.12 
273.91 
281.02 
238.44 
295.16 
302.47 

ALPHA 
(DEG) 

-26.39 
-24.41 
-21.82 
-19.24 
-16.6S 
-14.07 
-11.49 

-8.91 
-6.32 
-3.74 
-1.16 
1.43 
4.01 
6-S9 
9.17 

11.76 
14.34 
16.92 
19.51 
22.09 
24.67 
27.26 
29.84 

32.42 
3 5.01 
37.59 
40,17 

42.75 
45.34 
4 7.92 
50.50 
53.09 

SLICE 
NO. 

1 
2 
3 

X 

150,94 
1S4.87 

157,36 

DX 

3.93 
3.93 
1.06 

DW 

510.54 
1492.34 

559.55 

DQ 

.00 

.00 

.00 

DU DSr 

.00 1264.12 1357.23 
,00 2728.62 2069.44 

19.90 943.40 658.54 



4 
5 
6 
7 

8 
9 

10 
11 
12 

13 
14 
15 
16 
17 

18 
19 
20 
21 
22 
23 
24 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 

56 
57 

59 
59 
60 

61 
62 

161.71 

166.26 
171.64 

178.59 
183.31 
189.60 

.134,39 
200.15 
208,25 
213,15 
216,15 
221.09 
229.65 

236.06 
241.05 
249.60 

259.60 
269.53 
279.54 
289.44 
299.27 
3Q7.08 
311.93 
314.30 
317.47 
321.31 
323.66 
324.30 
325.98 
327.66 
330.40 
332.77 

335.92 
340.56 

342.40 
346.94 
351.28 
353.31 
357.19 
359.61 

364.43 
372.93 
377.15 
377.25 
3.78.35 
379.92 
380.92 
331.70 
382.23 
363.43 
384.90 
389.36 
397.14 

404.63 
411.82 
418.68 
425.22 

429.94 
432.31 

7.63 
1.48 
9.28 
4.52 
4.82 

7.75 
1.83 
3.70 
6.50 
3.30 
2 .70 

7.13 
9,94 
2.88 
7.10 

10.00 
10.00 
9.93 
9.93 
9 .87 
9.79 

5.83 
3.35 
.89 

5.45 
3.22 

.48 

.80 
2.56 
.34 

4.60 
.15 

6.15 
3.11 
.57 

8.52 
.17 

3.88 
3.88 

. 9 6 
a.67 
8,34 
.11 
.10 

2.10 

1.03 
.97 

. 6 0 

.46 
1.94 

1.00 
7.92 
7.64 
7.34 

7.03 
6.70 
6.36 
3-08 
1.66 

5719.40 
1442.23 

11308.52 
6984.09 
8156.42 

14816.54 
3735.26 

21670.18 
15855.90 
8657.57 
7584.73 

21224.78 
30S30.B0 

9065.06 
23920.55 
38496.04 
43663.34 
48230.04 

S2151.BS 
55431.88 
58021.23 
35810.71 

33721.79 
5422.91 

32608.75 
19104.60 
2359.81 
4772.69 

15265.13 
5013.75 

27608.53 
889.09 

37202.73 
18960.26 
3463.75 

52384.09 
1030.49 

23969.77 
23377.10 
5875.27 

52516.63 
49030.68 

610.82 
560.84 

12097.46 

5902.06 
5479.67 

3343.42 
2550.42 

10401.14 

5194.41 
38490.65 
32075-75 
23650.14 
19298.50 
13106.59 
7160.30 
1459.27 

203.46 

,00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.OD 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

.oc 

.00 

.00 

.00 

.00 

.00 

.00 
-00 
.00 
.00 
.00 
,00 
.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

,00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

1186.31 
438.58 

4073.62 
2807.94 
3453.73 
6479.52 
1704.47 

9836.69 
7298.04 
3918.99 
3268.48 
9053.10 

13148.28 
3909.49 
9785.98 

13962.03 
13947.45 
13651.71 

13075,46 

12219.83 
11086,59 
6012.59 
3665.41 
321.68 

4685.23 
2490.07 

357,09 
585.17 

1772.33 
547.12 

2706.57 

78.62 
2805.98 
1025.76 
160.70 

1195.30 
.50 
.00 
.00 
.00 
.00 
.00 
.OC 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

7358.40 
1576.07 

10S04.63 
5736.26 
660S.19 

10992.88 

2700.16 
14434.46 
9979.77 

SS11.8S 
4804.04 

13532.91 
13706.18 
S357.01 

14675.30 
24790.83 
29373.75 
33568.90 
37384.70 
40828.11 
43905.32 

27555.99 
18606.40 
4244.63 

2S35S.39 
15075.85 

2257.63 
3776.82 

12164.48 
4096.05 

22822.00 
742.39 

31417.44 
16357.51 
3009.44 

4S549.93 
913.54 

21258.51 

21175.15 
5052,02 

4S018.43 
41947,81 

522.23 

479.86 
10932.30 
5332.49 

5039.38 
3078.95 
2344.88 
9849.32 

4917.19 
36799.05 
30990.21 

25055.40 
19036.31 
12978.59 

6932.29 
1217.25 

18.11 

4930.07 

94.9-53 
6236.06 
3286.52 
4074.28 

6708.35 
1431,26 
7901,25 
5400.15 
2933 .37 
2521.84 
7032.86 
9713,17 
2785,22 
7497,33 

12324.66 

14291.58 
16092-10 
17729.80 
19207,68 
20528.39 

12884.07 

8655.95 
1973.69 

13291.29 

7899.00 
1183.43 
1979.73 
6373.57 
1907,92 

10617.11 

345.00 

14602,53 
7586.55 
1396.67 

23731.51 
475.87 

11074.17 
11033.63 
3022.43 

27064.69 

25406.29 
317.06 

292.50 
5478.63 

2674.SO 
2356.69 

1440,69 
1097,76 
4067.94 

2033,90 

:,S295.49 
13014.S6 
.V0683 . 75 

8319.S3 
5940.14 
3565.24 
910.74 
240.S6 

FAILURE SURFACE # 2 SPECIFIED 3Y 33 COORDINATE POINTS 

SAFETY FACTOR = 1 . 1 8 9 

X-CEliTER « 
Y-CENTER = 
RADIUS » 

2 S 4 . 4 4 
4 3 3 . 3 9 

2 2 6 . 4 5 



POINT 
NO. 

1 
2 
3 
4 
S 
6 
7 

3 
9 

10 
11 

12 
13 
14 
15 
15 
17 

18 
13 
20 
21 
22 
23 
24 

25 
26 
27 
23 
29 
30 
31 
32 
33 

X-SURF 

148.98 
157.93 
1 S 7 . 0 7 
176.38 
185.84 
195.43 
205.14 
214.95 
224.83 
234.7-? 

244.75 
254.75 
264.75 
274.72 

284.66 
294.54 

304.34 
314.04 
323.63 
333.03 
342.33 
351-51 
360.45 
369.13 
377.68 

385.95 
393.96 
401.70 
409.15 
416.30 
423.14 
429.54 
435.76 

Y-SLTIF 

238.00 
233.54 
2 3 9 . 4 8 
225.83 
222.59 
219.77 
217.38 

215.-12 
213.89 

212.30 

212.15 
211.95 
212.13 
212.36 
213.97 
215.52 
217.51 
219.93 
222.77 
226.04 
229.72 
233.30 
238.29 

243.16 
248.42 

254.05 
260.03 
266.37 
273.04 
280.03 
287.33 
294.92 
302.74 

ALPHA 
(DEG) 

-26.49 
-23.96 
-21.43 
-18.90 
-16.37 
-13.34 

-11.31 
-8.78 
-6.25 

-3.72 

-1.19 
1.34 
3.87 
6.40 
8.93 

11.46 
14.00 
16.53 
19.06 

21.39 
24.12 
26.65 
29.13 
31.71 
34.24 

36.77 
39.30 
41.83 
44.36 
46.89 
49.42 
51.95 

FAILURE SURFACE # 3 SPECIFIED BY 32 COORDINATE POINTS 

SAFETY FACTOR = 1 , 1 3 9 

X-CENTER - 2 5 7 . 9 9 
Y-CEHTBR ' 4 2 0 . 6 7 
RADIUS > 2 0 3 . 6 5 

POINT 

NO. 

1 
2 
3 
4 
5 
6 
7 

s 
9 

10 

11 
12 
13 

14 
IS 
16 
17 

18 
19 
20 

X-SURF 

157.14 
166.01 
175.09 
184.36 
193.80 
203.33 
213.10 

222.91 
232.81 
242.76 
252.75 
262,75 
272,74 

282,69 

292.53 
302.41 

312.13 
321.72 
331.16 
340.44 

Y-SURF 

238.00 
233.38 
229.19 
225.43 
222,13 
219,28 
216.90 
214.93 
213.54 
212,57 

212.08 
212,07 

212,54 

213.48 
214.90 
216.30 
219.16 
221.99 
225.27 
229.00 

ALPHA 
(DEG) 

-27.53 
-24.78 
-22.04 

-19.29 
-16.54 
-13.80 
-11.05 
-3.30 

-5.55 
-2.81 
-.06 
2.63 

5.43 
8.17 

10.92 
13.67 
16.41 
19.16 
21.91 
24.65 



21 
22 
23 
24 
25 
26 
27 

23 
29 
30 
31 
32 

349 
358 
367 

375 
383 

391 
398 
4 06. 
413. 
419. 
425. 
429. 

.53 

.41 

.05 

.45 

.58 

.42 

.95 

.16 

.03 
,54 
.68 
.62 

233 
237 
242 
248 
254 
260 
266 
273 
281 
286 
296. 
302. 

.17 

.77 

.79 

.22 
,05 
,26 
,84 
,77 
.04 
.63 

52 
.12 

27.40 
30.14 
32.89 

35.64 
38.38 
41.13 

43.88 
46,52 
49.37 

52.11 
54.85 

FAILURE SURFACE # 4 SPECIFIED BY 35 COORDINATE POINTS 

SAFETY FACTOR =» 1 . 1 9 0 

X-CE.TrER 
Y-CENTEB 
RADIUS = 

POINT 
ND. 

1 

2 
3 
4 
5 
6 
7 

a 
9 

10 
11 
12 
13 
14 
15 
16 
17 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

28 
29 
30 
31 

32 
33 

34 
35 

: = 253. 
'. = 455, 

,29 

00 
243.90 

X-SURF 

146.94 
155.93 
165.03 

174.41 
183.86 
193.45 
203.14 
212.93 
222.79 
232.71 
242.67 
252.66 
262.66 
272.66 
282.63 
292.55 
302.42 
312.22 
321.92 
331.52 
341.00 
350.33 
359.51 
363.52 
377.35 
335.98 
394.39 
402.57 

410.51 
418.19 
425.61 
432.74 

439.58 
446.12 
449.33 

Y-SURF 

233,00 
233.62 
229.61 
225.93 
222.73 
219.88 
217-42 
215-35 
213.70 
212.44 
211.60 
211,16 
211.14 
211.52 
212.32 
213.B2 

215.13 
217.14 
219.55 
222.35 
225.55 
229,13 
233.10 
237.43 
242.14 

247.20 
252.60 
258.35 
264.43 
270.83 
277.54 
284.55 
291.85 
299.41 
304.15 

ALPHA 
(DEG) 

-25,99 
-23.64 

-21.39 
-13.94 
-16.59 
-14.24 
-11.89 
-9.54 
-7.19 

-4.85 
-2.50 
-.15 
2.20 
4. 55 
6.90 
9.25 

11.60 
13.95 

16,30 
13,55 
21.00 
23.35 
25.70 
28.05 
30.40 
32.74 
35.09 
37.44 
39.79 
4 2,14 
44,49 
46,84 
49.19 
51.54 

FAILURE SURFACE # 5 SPECIFIED BY 35 COORDINATE POINTS 

SAFETY F.ACTOR = 1 , 1 9 0 

X-CEtJTKR 
Y-CENTER 

2 4 6 . 9 0 
4 5 9 . 8 1 



RADIUS » 248.58 

ALPHA 
(DEG) 

-25.63 

-23.38 
-21.07 
-18.77 
-16,46 
-14,16 
-11,85 
-9,55 
-7.24 

-4,93 
-2,63 
-.32 
1.98 
4.29 
6.59 
8.90 

11.20 
13.51 
15.81 
18.12 

20.42 
22.73 
25.03 
27.34 
29.64 

31.95 
34.25 
35.56 
38.36 
41.17 
43.47 
45,73 
43.03 
50,33 

FAILURE SURFACE # 6 SPECIFIED BY 35 COORDINATE POINTS 

SAFETY FACTOR " 1,19 0 

X-CENTER = 248.03 
Y-CENTER = 458.12 
RADIUS s 246,65 

POINT 
NO. 

1 
2 
3 
4 
5 
5 
7 

8 
9 

10 

11 
12 
13 
14 
15 
IS 
17 
18 
19 
20 
21 
22 
23 
24 

25 
26 
27 
28 

29 
30 

31 
32 
33 
34 
35 

X-SURF 

134.69 
143.71 

152.89 
162.22 
171.59 
1B1.23 
130.97 

200.76 
210.62 
220-54 
230.50 

240.49 
250.49 
260.49 

270.45 
230.39 
290.27 

300.03 
309.31 
319.43 
328.93 
332.30 
347.53 
356.59 
365.47 

374.16 
362.65 

390.91 
393.95 
406.73 
4:4.26 
421.52 

428.49 
435.17 

439.84 

Y-SURF 

233.00 
233.57 

229.70 
226.10 
222.89 
220.05 
217.61 
215,55 
213,90 
212,64 
211.78 
211.32 
211.26 
211.61 
212.35 
213,50 
215.05 
216.99 
219.33 
222,05 
225.15 
228.55 

232,51 
236.74 

241.34 
246.28 
251.57 

257.20 
263.16 
269,43 
276.01 
282.89 
290.06 
297.50 
303.14 

POINT 
NO. 

1 
2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

X-SURF 

136.74 
145.75 
154.93 
164.27 

173.74 
183.33 
193.03 
202.83 
212.69 
222.62 
232.58 
242.57 
252.57 

262.55 
272.53 

Y-SURF 

238.00 
233.57 
229.71 

226.12 
222.92 
220.10 
217,67 

215.54 
214.01 
212.73 

211.95 
211.52 
211.51 
211.89 
212.68 

ALPHA 
(DEG) 

-25.65 
-23.34 
-21.01 
-18.59 
-16.37 
-14.04 

-11.72 
-3.40 
-7.08 
-4.75 
-2.43 
-.11 
2.22 
4.54 
6.85 



IS 
17 

18 
19 
20 
21 

22 
23 
24 . 
25 
26 
27 
23 

29 
30 
31 

32 
33 
34 
35 

282.46 
292.33 
302.13 
311.84 
321.45 
330.93 
340.28 
349.46 
358.51 
367.35 
376.01 
384.45 
392.67 
400.64 
408.37 
415.84 

423.03 
429.93 
436.53 
439.85 

213.83 
215.48 
217.47 
219.86 
222.64 
225.81 

229.36 
233,29 
237.59 
242.25 
247.26 

252.62 
258.32 
264.35 
270.69 
277.35 
284.30 
291.54 
299.05 
303.15 

9 
11 
13 
16 
13 
20 
23 
25 
27 
30. 
32. 
34. 
37. 

39. 
41 . 
44 . 

46. 
48. 
51. 

.19 

.51 
,83 
,16 
.48 
.30 
.12 

.45 

.77 

.09 

.42 
,74 

.06 

.39 
71 

03 

36 
63 
00 

FAILURE SURFACE if 7 SPECIFIED BY 34 COORDINATE POINTS 

SAFETY FACTOR - 1 . 1 9 0 

X-CENTER = 2 5 2 , 4 6 

Y-CSNTER - 4 4 7 , 7 8 
RADIUS =: 2 3 5 . 7 5 

POINT 
NO. 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 

19 
20 
21 
22 

23 
24 

25 
26 
27 
23 
29 
30 
31 
32 

33 
34 

X-SURF 

144.90 

153.89 
163.06 
172.39 

. 181.87 
191.47 
201.18 

210.99 
220.37 

230.80 
240.78 
2 50.77 
260.77 
270.76 
280.71 

290.61 
300.44 

310.19 

319.83 
329.35 
338.73 
347.96 
357.01 

365.88 
374.54 
382.98 

391.19 
399,15 
406.84 
414.26 
421.39 
428.21 
4 34.71 

438.45 

Y-SURF 

238.00 

233.63 
229.64 
226.04 

222.35 
220.06 
217.68 
215.71 
214.16 
213.03 
212.32 
212.04 
312.18 
212.74 
213.73 
215.14 
216.37 

219.21 
221.86 
224.92 
228.38 
232.24 
236.48 

241.11 
246.10 
251.46 
257.17 
263.23 
269.62 
276.32 
283.34 
290.55 

293.25 
303.01 

ALPHA 
(DEG) 

-25.93 
-23.50 
-21.07 
-18,64 

-16.21 
-13.73 
-11.35 
-8.92 

-S.49 
-4.06 
-1.63 

.81 
3,24 
5.67 
3.10 

10.53 
12.96 
15.39 
17.82 

20.25 
22.68 
25.11 
27.54 

29.97 
32.40 
34.83 

37.26 
39.70 
42.13 
44.56 
46.99 
49.42 

51.85 



FAILURE SURFACE # 8 SPECIFIED BY 36 COORDINATE POINTS 

SAFETY FACTOR = 1.191 

X-CHNTER = 230 
Y-CBNTER - 457 

RADIUS = 

POINT 
NO. 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 

13 
14 
15 
IS 
17 

18 
19 
20 
21 
22 
23 
24 

25 
25 
27 
28 
29 

30 
31 
32 
33 
34 
35 
36 

82 
08 

255.91 

X-SURF 

136.74 
145.77 
154.97 
164.31 
173.79 

183.38 
193.08 

202-86 
212.72 
222.64 
232.59 

242.58 
252.58 
262.58 
272,56 
282.50 
292.40 
302.23 
311.99 
321.65 
331.20 
340.63 
349.93 
359.07 

368,04 
376,84 
385.45 
393.85 
402.03 
409.98 
417.59 
425,14 
432,33 
439,24 

445,86 
447.94 

Y-SURF 

238.00 
233.72 
229.79 
226.23 
223.03 
220.21 
217,76 
215,70 
214,02 
212,72 
211.81 
211.30 
211.17 
211,44 
:i2.09 
213.13 
214.57 
216.38 
213.58 
221.16 
224.12 
227,44 
231.14 
235.19 
239.59 

244.35 
249,44 
254.87 
260.62 

265.68 
273.05 
279.72 
286.68 

293.30 
301.40 

303.95 

.ALPHA 

(DEG) 

-25.35 
-23.12 
-20.88 
-18,64 
-16.40 
-14.16 
-11.92 
-9.68 
-7.44 
-5.20 
-2,96 
• ,72 

1,51 
3,75 
5,99 
8.23 

10,47 
12.71 
14.95 
17.19 
19.43 
21.67 
23.90 
26.14 

28.38 
3 0.62 
32.86 
35.10 
37.34 
39.58 

41.82 
44.06 
46.30 
48.53 
50-77 

FAILURE SURFACE » 9 SPECIFIED BY 31 COORDINATE POINTS 

SAFETY FACTOR = 1.191 

X-CENTER 
Y-CENTER 
RADIUS = 

POINT 
NO. 

1 
2 
3 
4 

5 
6 
7 

255 
398 

187.38 

X-SURF 

159,18 
167.88 
176,83 
136,01 

195,38 

204.53 
214.62 

91 
48 

Y-SURF 

238.00 
233.07 

228.61 
224.63 
221.15 
213.17 
215.71 

A-LPHA 
(DEG) 

-29.55 
-26.43 
-23.43 
-20.38 
-17.32 

-14.26 
-11.20 



a 
9 

10 
11 
12 
13 
14 

15 
16 
17 

13 
19 
30 
21 
22 
23 
24 
25 
26 
27 

28 

29 
30 
31 

224.43 
234.33 
244.29 
254.28 
264.26 
274.26 
284.18 
2 94.02 
303.75 
313.35 
322.78 
332.03 
341.05 
349.84 
358.35 
366.56 
374.49 
382.06 
389.27 
3 95.10 

402.54 
408.SS 
414.13 
415.70 

213.77 

212.35 
211.46 
211.11 
211.29 
212.00 
213.25 
215.02 
217.31 

220.12 
223.44 
227.26 
231.56 
236.34 
241.59 
247.27 

253,39 
259.93 
266.85 
274,16 
231,81 

289.80 
298.10 
300.73 

-3.14 
-5.09 
-2.03 
1.03 
4.09 
7.15 

10.21 
13,26 
16.32 
19,38 

22,44 
25,50 
28.56 
31.61 
34.67 
37.73 
40.79 
43.85 
46.90 
49.95 
53.02 
56.08 
59.14 

FAILURE SURFACE lilO SPECIFIED BY 3 1 COORDINATE POINTS 

SAFETY FACTOR = 1 . 1 9 1 

X-CSNTER 
Y-CSNTER 
RADIUS = 

POINT 

NO. 

1 
2 

3 
4 

5 
6 
7 

8 
9 

10 

11 
12 
13 
14 
15 
IS 
17 
18 
19 
20 

21 
22 
23 
24 

25 
26 
37 
28 
29 
30 

31 

257. 

. - 400. 
139.13 

X-SURF 

161.23 
1S9.9S 
178.93 
183.13 
197.52 
207.03 
216.73 

226.60 
236.51 
246.47 
256.47 

265.46 
276.44 

286.36 
296.20 
305.93 

315.53 
334.37 

334.22 
345.26 
352.05 
360.58 
368.83 
376.76 
384.37 
391.61 

398.49 
404.97 
411.04 
416.68 
418.41 

73 
66 
1 

Y-SURF 

238.00 
233.13 
228,72 
224 .80 
221.36 
218.43 
216.01 

214,10 
212.72 
211.66 
211.53 
211.73 
212.45 
213.71 

215.48 
217.77 

220.58 
223.38 
227.68 
231.97 

236.72 
241.94 

247.60 
253.68 
260.13 
267.07 
274.33 
281.95 
289.90 
296.15 
301.00 

ALPHA 

(DEG) 

-29.17 

-26.14 
-23.11 
-20,08 
-17.05 
-14.02 
-10.99 
-7,96 
-4,93 
-1.90 
1.13 
4.16 
7.19 

10.22 

13.25 
16,28 

19,31 
22.34 
25.37 
23.40 

31.43 
34.46 
37,45 
40,52 

43.55 
46.58 
49.61 
52.64 
55.67 

58.70 



A 

157.00 227.00 297.00 367.00 43 7,00 507.00 

70.30 + 

A 140.00 -1-

X 210.00 + 

I 280.00 + 

S 350.00 -t-

420.00 

.55 
541 
119 

SIO. 
13 . . 

51. 
11, 

3, 
19. 
41. 
419. 
4119. 
..*199. 

.**1119. 

.,,4451399. 
. . . .441139 

- . , .4511 
. .445 

4 

490.00 * 

560.00 * «*** ****** 



AGEC 
Midvale UT s/n5206 

: ; / i / l t ^ 

CELL 6/LT/STAriC/POND/WASTE 4-20^ 

o 
m 

02 ^ 
X 
< 

>- K 
fN 

CN 
c^J 

r̂  
ID 

250C5URF.ACES HAVE BEEN GENERATED 
10 MOST CRITICAL OF SURFACES GENRRATED 
MINIMUM FACTOR OF SAFETT = 1.933 ^ 

0. 70. 140. :io. 280. 

X-AXIS 
^•50, t j 420. 490. 550. 



- - S L O P E S T A B I L I T Y A N A L Y S I S - -
S I K P L : F I E D JANBU METHOD OF S L I C E S 

IRREGULAR FAILURE SURFACES 

PROBLEM D E S C R I P T I O N CELL 6 / L T / S T A T I C / P O N D / W A S T E -1-20' 

BOLTIDAHY COORDINATES 

13 TOP BOUI'IDARIES 
4 2 TOTAL BOUNDARIES 

BOUNDARY 

NO. 

1 
2 

3 
4 

5 

6 
7 

8 
9 

10 

11 

12 
13 

14 

15 
16 
17 

18 
19 
20 

21 

22 

23 
24 

25 
25 

27 

23 

23 
30 

31 
32 
33 
34 

35 
3S 
37 

38 

39 
40 

41 
42 

X-LEFT 

.00 

145.25 
151.50 
156.50 

161,50 

211.50 

217.50 

237.50 
31C.00 

320.20 
379.40 

381.40 
384.40 

320.20 

324.70 
377,10 

382.00 
323.90 
324.70 

328.10 
332.70 

339,00 

339.00 

385,30 

332,70 
391.50 

323.90 

391.10 

211.50 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

Y- LEFT 

231.50 
231.50 
234.00 

236.00 

238.00 
238.00 

240.00 

240.00 

263.00 

259.00 

293.60 
2 98.60 

297.60 

269.00 
259.00 
295.20 

295.30 

256.70 
259.00 
268.50 

267.00 

2S7.00 

267.CO 

251.40 
257.00 

247.40 

266.70 
244.30 

236.00 
235.00 

234.00 
230.00 
224.00 

220,00 

211.00 

190.CO 
187.00 

178.00 
175.00 

172.00 

16S.00 
157.00 

X-RIGHT 

145.25 

151,50 
156,50 

161.50 
211.50 

217.50 

237,50 

310,00 

320,20 

379-40 
381,40 

384,40 

560,00 
324.70 
377.10 

382.00 

560.00 
324.70 

328.10 
332.70 

339.00 

382.00 

385.80 

560.00 
391.50 

560.00 

391.10 

560.00 
560.00 

560.00 
560.00 

560.00 
560.00 
560.00 

560.00 

560.00 

560.00 
560.00 

560.00 

560.00 

560.00 

560.00 

Y-RIGHT 

231.50 

234.00 
236.00 

238.00 
238.00 

240.00 

240.00 

269.00 

269.00 
298,60 

298.60 

297.60 
315.16 

269.00 
295.20 

295.30 
313.16 

269.00 
268.50 
267.00 

267.00 

295.30 

251.40 

251,40 

247.40 
247.40 

244.30 

244.30 
238.00 

236,00 

234.00 
230.00 

224.00 
220.00 

211.00 

190.00 

187.00 
178,00 

175,00 

172.00 

168.00 

157.00 

SOIL TYPE 

BELOW BND 

7 
7 

6 
5 

5 

3 
3 

3 
3 
1 

1 

1 

1 
3 
2 

2 
4 

2 

2 
2 

1 

4 

1 

1 

2 
2 

3 
3 

£ 
6 

7 

8 
9 

10 

11 
12 

13 
14 

IS 

16 
17 

IS 

ISOTROPIC SOIL PARAMETERS 

18 TYPE(S) OF SOIL 



SOIL 
TYPE 

NO, 

1 
2 

3 
4 
5 
6 
7 

8 

9 
10 
11 
i2"" 
13 
14 
15 
16 
17 

18 

TOTAL 
UNIT WT. 

120.0 
110.0 
130.0 
120.0 
130,0 
120 . 0 
110.0 
IIC.O 
110.0 
110.0 

110.0 
"iib.o " 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 

SATURATED 
UNIT WT. 

120.0 
110.0 
130.0 
120.0 
130.0 
120-0 
110.0 
110.0 
110.0 
110.0 

110.0 
^ iic:c 

110.0 
110.0 
110.0 
110.0 
110.0 
110.0 

COHESION 

INTERCEPT 

100.0 
270.0 
400.0 
100,0 
200.0 
200.0 
200.0 
200.0 
200,0 
200,0 
200,0 

' 200.0" 

200.0 
200.0 
200.0 
200.0 
200.0 

200.0 

FRICTION 

ANGLE 
(DEG) 

28.0 
28,0 
32.0 
25.0 
30.0 
30.0 
30.0 
27.0 

30.0 
27.0 
30.0 
27.0"' 
30.0 
27.0 
30,0 
27,0 
30,0 
27,0 

PORE 
PRESSURE 

PARAMETER 

.00 

.00 

.00 

.00 

.00 

. 0 0 

.00 

.00 

.00 

.00 

.00 
;"00 
.00 
.00 
.00 
.00 
.00 
.00 

PRESSURE 
CONSTANT 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 
-.0 
.0 
.0 
.0 

.0 

.0 

.0 

PIEZOMETRIC 

SURFACE 
NO. 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1-" -
I 
1 

1 
1 
1 
1 

1 PIEZOMETRIC SURFACE(S) HAVB BEEN SPECIFIED 

UNITWEIGHT OF WATSR = 62,40 

PIEZOMETRIC SURFACE NO. 1 SPECIFIED BY 2 COORDINATE POINTS 

POINT 
NO. 

1 
2 

X-WATER 

.00 
560.00 

Y-WATER 

234.00 
234.00 

A CRITICAL FAILURE SURFACE SEARCHING METHOD, USING A RANDOM 
TECHNIQUE FOR GENERATING CIRCULAR SURFACES, HAS BEEN SPSCIFIED-

2500 TRIAL SURFACES HAVE BEEN GENEPJITED. 

50 SURFACES INITI.WE FROM EACH OP 50 POINTS EQUALLY SPACED 
ALONG THE GROUND SURFACE BETWEEN X = 100.00 

AND X = 200.00 

EACH SURFACE TERMINATES BETWEEN X = 33 0.00 
AND X = 450.00 

UNLESS FURTHER LIMITATIONS WERE IMPOSED, THE MINIMUM ELEVATION 
AT WHICH A SURFACE EXTENDS IS Y = .00 

10.00 FT. LINE SEGMENTS DEFINE EACH TRIAL FAILURE SURFACE. 



FOLLOWING ARE DISPLAYED THE TEN MOST CRITICAL OF THE TRIAL 
FAILURE SURFACES EXAMINED. THEY AHB ORDERED - MOST CRITICAL 
F I R S T . 

SAFETY FACTORS ARE CALCUIjATED BY THE MODIFIED BISHOP METHOD. 

FAILURE SURFACE # 1 SPECIFIED BY 23 COORDINATE POII'JTS 

SAFETV FACTOR = 1 . 9 3 3 

X-CENTEF 
Y-CENTER 
RADIUS = 

POINT 
NO. 

1 
2 
3 
4 

5 
6 
7 

8 
9 

10 
11 
12 

13 
14 
15 
16 
17 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

266 
378 

12 
89 

165.34"'" ' 

X-SURP 

179.59 
188.27 

197.23 
206.44 
215.87 
225.49 
235.25 
245.13 
255.08 
265.07 

275.07 
235.03 
294.93 
304.72 
314.37 
323.84 

333.10 
342.12 
350.35 
3S9.28 
367.37 
375.09 
382.40 
389.30 
395.74 
401.71 

407.18 
411.56 

y-SURF 

238.00 
233,03 
228.59 
224,70 
221.37 
218.52 
216.46 
214,69 
213.92 
213,56 
213.79 

214.64 
216.08 
213.12 
220.75 
223.95 
227.73 
232.05 
236.92 

242.30 
248.18 
254.34 
261.36 
268.60 
276.25 
284.27 

292.64 
300.32 

ALPHA 
(DEG) 

-29.82 
-26.36 
-22.89 
-19.42 
-15.95 
-12.49 
-9,03 
-5.56 
-2.10 
1.37 

4.84 
8.30 

11.77 
15.23 
18.70 
22.17 
25.63 
29.10 
32.56 

36.03 
39.50 
42.96 
46.43 
49.89 
53.36 
56.82 
60.29 

ao. 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 

.\ 

161.34 

184.83 
187.42 
191.32 
195.80 
201.63 
207.43 
209.96 
213.69 
216.69 
219.08 
223,08 
230.37 
236.37 

DX DQ DU DN DSr 

3 
3 

1 
6 
2 
9 
1 
3 
4 
1 
3 
4 
9 
2 

49 
49 
70 
11 
95 
21 
.93 
08 
37 
63 
17 
82 

76 
25 

453 

1325 
939 

4725 
2901 

12062 
3089 
5113 
8302 
3483 
7131 

1144,4 
25096 
6096 

58 
83 

66 
61 
73 
21 
10 
39 
25 
29 
17 
69 
49 

46 

00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 

00 

59 
1057 

934 

4591 
1263 
2149 
3429 
1359 
2786 
4592 

10270 
2519 

00 

00 
41 

es 
49 
12 
20 
19 
94 
00 
38 
40 

55 
38 

918 
2131 

1375 
5358 
2837 

10058 
2302 
3791 

6194 
2530 
5169 
8067 

16635 
3 852 

56 

S3 
IS 

29 
52 
35 
91 
29 
96 
11 
68 
34 
27 

29 

690 
1052 
613 
2305 
1077 

3685 
823 

1470 
2329 
930 

1884 
2644 
5419 
1251 

39 
67 

13 
62 
OS 
61 
97 
24 
72 
81 
94 
63 
06 

or, 



15 
16 
17 

18 
19 

20 
21 
22 
23 
24 
25 
26 
27 

28 
29 
3 0 

31 
32 
33 
34 
35 
36 
37 
38 
33 
40 
41 
42 
43 
44 
45 
46 
47 

43 
49 
SO 
51 
52 
53 
54 
55 
56 
57 

241.31 
250.10 
260,08 
270,07 

280,05 
289.98 
299.82 
307.36 
310.81 
312.99 
317.28 
322.02 
323.87 

323.92 
324.32 
326.40 
330.40 

332.90 
335.47 
333.42 
340.55 
343.86 
34 7.41 
350,03 
351.70 
355,92 
363,33 
369.11 
372.25 
374.36 
375.26 
376.25 
373.25 

380.40 
381.70 
382.20 
383.40 
386.85 
392.52 
393.72 
404.44 
408.75 
410.94 

7.63 
9,95 
9.99 

10.00 
9.96 
9.90 

9.79 
5.28 
1.62 
2.75 
5.83 
3.64 

.06 

.05 

.75 
3.40 
4.60 

.40 
4.74 
1.16 
3.12 
3.50 
3.59 

1.65 
1.70 
6.73 
8.09 
3.48 
2.79 

1 .44 
.34 

1.67 
2.30 

2.00 
.60 
.40 

2.00 
4.90 
6.44 
5.97 

5.47 
3.14 
1.24 

22829.57 

35538,91 
41599.24 
46830.73 
51305.55 
54814.00 

57364.98 
32006.77 

9357.00 
16577.77 

34291.43 
21151.09 

355.32 
291.65 

4375.95 
19791.48 
26841.55 
2339.32 

27671.95 
6798.35 

18223.17 

20463,11 
20953,59 
9558,99 
9790.04 

38146.04 
43966.30 
18117.13 
14200.01 
7242.40 
1596,04 
8259.90 

11133.26 
9366.05 

2720,45 
1302.39 
3508.54 

18596,95 
20089.24 
13443,01 
731S.95 
1747.70 
152.66 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
,00 
.00 
VOO 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
,00 
,00 
,00 
.00 
.00 
.00 

3915.62 
12226.38 
12643.31 
12682.77 
12345.OB 

11631.54 
10 544.6 8 
5177.98 
1487.49 
2423.09 
4712.48 
2555.94 

41.03 
33.63 

497.73 
2052.23 
2285.00 
171.35 

1633.40 
299.77 
581.00 
243.04 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

14953,31 
24201.93 

29304.20 
33972.40 
38204.27 
41396.79 
45346.49 
25975.75 

8099,37 
13574.12 

28403.21 
17836.36 

303.01 
248.96 

3786.70 
17296.66 
23920.69 
2109.79 

25520.81 
S277.06 

17020.67 
19675.04 
20359.32 
9287.45 
9643.32 

36642.05 
42798,87 
17931.36 
14661.26 
7585.93 
1827.18 

9126.59 
12299.03 

10343.31 
3003.28 

1989.41 
9722.32 

21330-95 
23764.23 
16483.82 
9192.37 

2075.31 
54.70 

8 

4740.03 
7413.33 
8758.17 

9988.55 
11103.93 
12103,52 
12985.33 
7412.64 
2303.28 
4348.76 
9119.72 
5724.34 

97.28 
79.92 

1081.85 

4938,64 
6818.57 
600 

7269.84 
2008.23 
5440.82 
6290.04 
6505.82 
2968.71 

3088.37 
13496.52 
15903.07 

6729.34 
4538.02 
2183.15 
526.60 

2319.75 
3129.25 

2636.29 
766,84 

508.44 
2494.91 
5512.76 
5249.43 
4493.36 
2734.58 
828.02 
144.55 

FAILURE SURFACE # 2 SPECIFIED BY 28 COORDINATE POINIS 

SAFETY FACTOR = 1.93 5 

X-CENTER = 264 .32 
Y-CENTER » 371.Sl 
RADIUS = 158.13 

POINT 
NO, 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 

X-SURF 

179,59 
188.20 
197.11 

206.30 
215.71 

225.32 
235.08 
244.96 
254,92 
254,92 
274.91 
284.86 

Y-SURF 

238.00 
232.91 
223.38 
224.41 
221.04 
213.27 
215.11 

214.57 
213.66 

213.38 
213.74 
214.72 

ALPHA 
(DEG) 

-30.59 
-26.96 
-23.34 
-19.72 

-16,09 
-12,47 

-8.35 
-5.22 

-1.60 
2.03 
5.65 
9.27 



13 
14 

15 
16 
17 

IS 
19 
20 
21 
22 
23 
24 
25 
26 
27 

28 

294 
304 
314 
323 
332 
341 
350 
353 
366 
373 

380 
367. 

393. 
398. 
403 . 
4 0 5", 

,73 
,45 
.07 
.43 
.61 
.43 
.05 
.28 
.13 
.53 

.59 
13 
18 
71 

71 

Y2 

216 
218 
221 
224 
228 
233 

238 
244 
250 
257 

264. 
271, 
279. 

288. 
296. 
299. 

.33 

.57 

.41 

.85 

.68 

.49 

.64 
, 32 

.52 

.19 

.33 

.89 
85 
18 

34 
S"7 

12,90 

i e . s 2 
20.15 
23 . 77 
27.39 
31.02 
34.64 
38.27 

41.89 
45.51 
49.14 
52.76 

56.39 
60.01 
63.63 

FAILURE SURFACE # 3 SPECIFIED BY 30 COORDINATE POINTS 

SAFETY FACTOR = 1.936 

X-CENTER 
Y-CENTER 
RADIUS = 

POINT 
NO. 

1 
2 
3 
4 
5 
6 
7 

8 

9 
10 

11 
12 
13 
14 
15 
15 
17 

18 
19 
20 
21 
22 
23 
24 

25 
26 
27 

23 

29 
30 

1 X 253. 
: - 383. 

176.OS 

X-SORF 

167.35 
176.02 
184.95 
194.13 
203.S2 
213.08 
222.80 
232.64 

242.56 
252.54 
262.54 
272.53 
282.47 
292.35 
302.11 
311.74 

321.21 
330.47 

339.50 
349.27 

356.76 
364.94 
372.77 
380.24 
387.32 
393.98 
400.22 
406.00 
411.30 
412.10 

46 
06 
1 

Y-SURF 

238.00 

233.01 
228.33 

224.55 
221.11 
218.20 
215.84 
214.04 

212.80 
212.12 

212.01 
212.47 
213.50 
215.08 
217.23 
219.33 
223.17 
226.34 
231.23 
236.02 
241.31 
247.07 

253.29 
259.94 
267.00 
274.45 
282.27 
290.44 

298.91 
300.37 

ALPHA 
(DEG) 

-29.92 
-26.66 
-23.41 
-20.15 
-16.90 
-13.64 
-10.39 

-7.13 

-3.88 
-.63 

2.63 
5.88 

9.14 
12.39 
15.65 
18.90 

22.16 
25.41 

28.66 
31.92 
35.17 

38.43 

41.68 
44.94 
48.19 
51.45 
54.70 

57.95 
61.21 

FAILURE SURFACE # 4 SPECIFIED BY 28 COORDINATE POINTS 

SAFETY FACTOR - 1.937 

X-CENTER 
Y-CENTER 
RADIUS = 

269.91 
376.26 

161.88 



POINT 
NO. 

1 
2 

3 
4 
5 
6 
7 

8 
3 

10 
11 
12 

13 
14 
15 
16 
17 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

28 

X-SURF 

185.71 

194-41 
203-40 
212-64 

222.10 
231.74 
241.52 
251,42 
261.38 
271.38 
281.37 
291.32 

301.19 
310.93 
320.52 
329.92 
339.09 
347.95 
356.60 
364.88 
372.79 
330.31 
387.41 
394.06 
400.24 
405.91 
411.07 

412.84 

Y-SURF 

238.00 
233.07 

228.S8 
224.85 

221.60 
218.95 
216.89 
215.44 

214,61 
214,39 
214.79 
215,31 
217,44 
219.67 
222.50 
225.92 
229,91 
234,47 

239.56 
245,17 
251,29 
257.88 
264.92 
272.39 
280.25 
263.48 
297,05 
300.44 

ALPHA 
(DEG) 

-29.57 
-2 6.03 
-22.49 
-18.95 
-15.41 
-11.87 

-8.33 
-4.79 

-1.25 
2.29 

5.83 
9.37 

12.91 
16.45 
19.99 
23.53 
27.07 

30.61 
34.15 
37.69 
41.23 
44.77 
48,31 
51.85 
55.39 
58.93 
62.47 

FAILURE SITRFACE # 5 SPECIFIED BY 29 COORDINATE POINTS 

SAFETY FACTOR = 1,937 

X-CENTER 

Y-CENTER 
RADIUS = 

POINT 
NO. 

1 
2 
3 
4 
5 
6 
7 

B 
9 

10 

11 
12 
13 
14 

15 
IS 
17 

18 
13 
20 
21 
22 
23 
24 

272 
332 

170.91 

X-SURF 

181.63 
190.25 
199.15 
208.31 
217.69 
227.25 
235,96 
246.80 
256.73 
266.71 
276,71 
266.69 
296.63 
306.48 
316.22 

325.81 
335.22 
344.41 
353,35 
362.02 

370.38 
378.41 
336.07 
393.35 

50 
75 

Y-SURF 

2.38.00 
232.93 
228.36 
224,35 
220,87 
217.94 

215,53 
213,79 
212.57 

211.94 
211.89 

212,43 
213.55 
215.26 
217,53 
220,37 
223.77 
227.71 

232,18 

237,16 
242,65 
248.61 
255,04 
261,90 

ALPHA 
(DEG) 

-30.44 
-27,09 
-23.74 
-20,38 
-17.03 
-13-68 
-10,32 
-6.97 
-3.62 
- .27 

3.09 
6.44 

9.79 
13.15 
16.50 
19.85 
23.20 
25,56 
2 9.91 
33.25 
3 6,62 
39.97 

43.32 
46.67 



25 
26 
27 
28 
29 

400 
406 
412 
413 
422 

21 
63 
60 
08 
31 

269.17 

27S.83 
284.86 
293.22 
301.44 

50 
S3 
55 

SO 

03 
38 
73 
09 

F-AILURE SURFACE rf 6 SPECIFIED BY 3 0 COORDINATE POINTS 

SAFETY FACTOR » 1.939 

X-CENTER - 2B7.9B 
Y-CENTER = 38.7.90 
RADIUS = 176.23 

POINT 
NO. 

1 
2 

3 
4 

5 
6 
7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

23 
24 
25 
26 
27 
28 
29 
30 

X-SURF 

165.31 
173.96 
182.88 
192.04 

201.42 
210.93 
220.69 
230,52 
240,44 
250.41 
260.41 
270.40 
28C.35 
290.23 
300.01 
309.65 
319.12 
328.40 
337.45 
345.24 

354.75 
362,95 
370.81 
378.30 
335.41 
392.11 
393,38 
404,20 
409,54 
410,eo 

Y-SURF 

238,00 
232,98 
223,47 
224,47 

220.99 
213.05 
215.66 
213.32 
212.54 

211.83 
211.58 
212.10 

213.09 
214.64 
216.75 
213.41 
222.61 
225.35 
230.SO 
235.36 
240.51 
24S.34 
252.52 
259.14 
266.17 
273.60 
281.39 
289.52 

297.96 
300.24 

ALPHA 
(DEG) 

-30.10 
-26.85 
-23.60 
-20.35 
•17.09 

-13.84 

-10.59 
-7.34 
-4.09 
-.84 
2.42 
5.67 
3,92 

12.17 
15.42 
16.67 
21.93 
25.18 
28.43 
31.68 
34.93 
38.19 
41.44 

44.59 
47.94 

51.19 
54.44 
57.70 
50.95 

FAILURE SURFACE tt 7 SPECIFIED BY 27 COORDINATE POINTS 

SAFETY FACTOR = 1.93 9 

X-CENTER = 26 9.34 
Y-CENTER = 36 7.76 
RADIUS - 153,28 

POINT 
NO, 

1 
2 
3 
4 

5 
S 
7 

X-SURF 

187.76 
195.39 
205.34 
214.55 
224.01 
233.65 
243 ,45 

Y-SURF 

238.00 
232.96 
223.49 
224.61 
221.34 
216.70 

216.59 

ALPHA 
(DEG) 

-30.29 
-26,55 
-22.81 
-19.07 
-15.33 
-11.59 
-7.86 



8 
9 

10 
11 
12 
13 
14 
15 
JS 
17 . 

18 
19 
20 
21 
22 
23 
24 
25 
25 
27 

253 .35 
263.33 
273.33 

283.31 
293.23 
303.05 
312.73 

322.22 

331,49 
340,50 
349.20 
357,56 
365.54 
373.12 
380.25 

386.92 
393.08 
398.71 

403.30 
406,65 

215.32 
214.60 
214.54 
.215.12 

216.36 
218.24 
220.76 
223.90 

227.SS 
232.00 
235.93 
242.42 
248.44 
254,97 

261.97 
269.43 
277.31 
285.57 

294.18 
299.33 

-4.12 
-.38 

3.36 
7.,10 

10.84 
14.58 

18.31 
22.05 

25.79 
29.53 
33.27 

37.01 
40.75 
44.49 
48.22 
51.96 
35.70 
59.44 
63.18 

FAILURE SURFACE # 8 SPECIFIED BY 30 COORDINATE POINTS 

SAFETY FACTOR 1.941 

X-CENTER 
Y-CESTER 
RADIUS -

POINT 

NO. 

1 
2 
3 
4 
5 

6 
7 

a 
9 

10 
11 
12 
13 
14 
15 
16 
17 

IB 

19 
20 
21 
22 
23 
24 

25 
26 
27 
28 

29 
30 

264 

399 
186.54 

X-SURF 

171.43 
180.23 
189.27 
198,52 
207.97 

217.57 
227.32 
237.16 
247.09 
257.07 
267.07 

277.06 
287.02 

296.91 
306.71 
316.38 

326.91 
335,26 
344.41 
353.33 
361.99 
370.37 

378.45 
386.20 

393.60 
400.63 
407.27 

413.50 
419.30 
423.04 

50 
66 

Y-SURF 

23 3.00 
233.24 
228.97 
225.18 
221.90 
213.12 
215.87 
215.14 
213.94 
213.27 

213.14 
213.54 
214.48 

215.96 
217.96 

220.48 
223,52 

227,06 
231,10 
235.63 
240.62 
246.07 

251.97 

258,29 
265,01 
272,12 

279,60 
287.43 
295.57 
301.46 

ALPHA 

(DEG) 

-28.39 
-25.32 
-22.25 
-19.18 

-16.11 
-13.04 
-9.96 
-6.69 
-3.82 
-.75 
2.32 
5.40 
a.47 

11.54 
14.61 
17.68 
20.76 
23.83 
26.90 
29.97 
33.04 
36.11 
39.19 
42.26 
45.33 
48.40 
51.47 

54.55 
5 7.62 

FAILURE SURFACE # 9 SPECIFIED BY 27 COORDINATE POINTS 

SAFETY FACTOR - 1.943 



X-CENTER 
Y-CE.NTER 
RADIUS = 

POINT 

NO. 

1 
2 
3 
4 
5 
6 
7 
3 

9 
10 
11 

12 
13 
14 

15 
16 
17 

18 
19 
20 
21 

22 
23 
24 
25 
26 
27 

: = 264 
1 - 357 

14 6.1 

X-SURF 

179.59 
187.95 

196,66 
205.69 
214.93 
224.52 
234.24 
244.09 
254.04 
264.03 
274,03 
283.97 

293,63 
303.54 
313.07 
322.37 

331.40 
340.11 
348.45 
356.42 
363.95 

371.01 
377.57 

383.60 
389.06 
393.95 
398.00 

.00 

.35 

9 

Y-SURF 

238.CO 

232.51 
227.60 

223.30 

219.63 
215.60 
214.23 
212.53 
211.51 
211,17 

211,51 
212,54 
214,24 

215.61 
219,65 
223,32 
227,63 
232,54 

238.03 
244.09 
250.67 

257.75 
265.30 
273,28 

231,55 
290,38 
298,96 

ALPHA 
(DEG) 

-33,31 
-29.39 
-25.47 

-21.55 
-17.53 
-13.71 
-9.79 
-5,87 
-1.95 
1.97 

5.89 
9.81 

13.73 
17.65 
21.57 
25.49 
29.41 
33.33 
37.25 
41.17 

45.09 
49.01 
52,93 
5S.S5 
60,77 
64.69 

FAILURE SURFACE # 1 0 SPECIFIED BV 27 COORDINATE POINTS 

SAFETY FACTOR « 1 . 9 4 3 

X-CENTBR 
Y-CENTER 
RADIUS •= 

P O M T 

NO. 

1 

2 
3 
4 
5 

6 
7 

a 
9 

10 
11 
12 

13 
14 
15 

16 
17 

IS 
19 
20 
21 

274. 

360. 
23 
47 

147.61 

X-SURF 

191.84 

200.32 
209.14 
218.26 
227.54 
237.23 
245.99 
256.87 
266.84 

275.83 
286.82 
296.75 
306-58 
316.25 
325.74 
334.93 

343.95 
352.60 
360.33 
368.78 
376.24 

Y-SURF 

238,00 
232.70 
227,99 
223,89 
220.41 
217.58 
215.40 
213.89 
213.05 
212.89 
213.40 
214.59 
216.45 
218.97 

222.14 
225.95 
230.37 
235.39 

240.98 
247.12 
253.79 

ALPHA 
(DEG) 

-31.99 
-23.11 
-24.22 
-20.34 
-16.46 
-12.58 
-3.70 
-4.81 
-.93 
2.95 
6.83 

10.72 
14.60 
18.48 

22.36 
25.25 

30.13 
34.01 
37,89 
41,78 
45,66 



22 
23 
24 
25 
26 
27 

383 
389 
395 
401 
405 
408 

23 
72 

66 
08 
90 
82 

260.94 
268.55 
276.53 
284.93 
233.75 
300.04 

49 
53 
57 

61 
65 

54 
42 
31 
19 
07 

157.00 227.00 

.00 *-****—****., 

297.00 367.00 437.00 507.00 

70.00 -1-

A 140.00 + 

X 210.00 + 

1 280.00 -1-

S 350.00 -I-

420.00 -I-

490.00 -I-

31 
314 

314. 
21 

310 
14 

14 
1 . 
1. 
1. 
1. 
51. 
1, 
31. 
11. 
512. 
511. 
.5416. 
..•41199.* 
.•+.541129 

5511. 
585 

560.00 ****** 



c AGE 
Midvale UT s/n5206 

y J U 

CELL 6/LT/SEISMIC/POND/WASTE +20' 

ro 

X 
< 
x_ 

CM 

r--
Csj 
CNI 

irr 

250C5URFACES HAVE BEEN GENERATED 
10 MOST CRITICAL OF SURFACES GENER.ATED 
MINIMUM F.ACTOR OF SAFErf' = 1.147 

0. 70. 140. 210. 2S0- 350, 420, 490. 560. 

X-AXIS 



-•SLOPE STABILITY AN.ALYSIS--
3I.MPLIFIED JANBU METHOD OF SLICES 

IPJ'.EGULAR FAILURE SURFACES 

PROBLEM DESCRIPTION CELL S/LT,^SEISHIC/POND/WASTE -1-20 ' 

BOUNDARY COORDINATES 

13 TOP BOUNDARIES 
4 2 TOTAL BOUNDAJIISS 

BOUNDARY 
NO-

1 
2 
3 
4 
5 
6 
7 
6 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
25 
27 
28 
29 
30 
31 
32 
33 
34 
3 5 
36 
37 
33 
39 
40 
4 1 
42 

X-L5FT 

. 0 0 
1 4 5 . 2 5 
1 5 1 . 5 0 
I S S . S O 
1 6 1 . 5 0 
2 1 1 . 5 0 
2 1 7 . 5 0 
2 3 7 . 5 0 
3 1 0 , 0 0 
3 2 0 , 2 0 
3 7 3 , 4 0 
3 8 1 , 4 0 
3 8 4 . 4 0 
3 2 0 , 2 0 
3 2 4 . 7 0 
3 7 7 , 1 0 
3 3 2 . 0 0 
3 2 3 . 9 0 
3 2 4 . 7 0 
3 2 8 . 1 0 
3 3 2 . 7 0 
3 3 3 . 0 0 
3 3 3 . 0 0 
3 8 5 . 8 0 
3 3 2 . 7 0 
3 9 1 . 5 0 
3 2 3 . 9 0 
3 9 1 . 1 0 
2 1 1 . 5 0 

. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 

Y-LSFT 

2 3 1 . 5 0 
2 3 1 . 5 0 
2 3 4 . 0 0 
2 3 6 . 0 0 
2 3 8 . 0 0 
2 3 8 . 0 0 
2 4 0 . 0 0 
2 4 0 . 0 0 
2 6 9 . 0 0 
2 6 9 . 0 0 
2 9 8 . 6 0 
2 9 8 , 6 0 
2 9 7 . 6 0 
2 6 9 . 0 0 
2 6 9 . 0 0 
2 9 5 . 2 0 
2 9 5 . 3 0 
2 6 6 . 7 0 
2 6 9 . 0 0 
2 6 8 . 5 0 
2 6 7 . 0 0 
2 6 7 . 0 0 
2 6 7 . 0 0 
2 5 1 . 4 0 
2 6 7 . 0 0 
2 4 7 , 4 0 
2 6 6 . 7 0 
2 4 4 . 3 0 
2 3 8 . 0 0 
2 3 6 . 0 0 
2 3 4 . 0 0 
2 3 0 . 0 0 
2 2 4 . 0 0 
2 2 0 . 0 0 
2 1 1 . 0 0 
1 9 0 . 0 0 
1 8 7 . 0 0 
1 7 8 . 0 0 
1 7 5 . 0 0 
1 7 2 , 0 0 
1 6 8 . 0 0 
1 5 7 . 0 0 

X -RIGHT 

1 4 5 . 2 5 
1 5 1 . 5 0 
1 5 6 . 5 0 
1 6 1 . 5 0 
2 1 1 . 5 0 
2 1 7 . 5 0 
2 3 7 . 5 0 
3 1 0 . 0 0 
3 2 0 . 2 0 
3 7 9 . 4 0 
3 8 1 . 4 0 
3 8 4 . 4 0 
5 6 0 . 0 0 
3 2 4 . 7 0 
3 7 7 . 1 0 
3 8 2 . 0 0 
5 6 0 . 0 0 
3 2 4 . 7 0 
3 2 8 . 1 0 
3 3 2 . 7 0 
3 3 9 . 0 0 
3 8 2 . 0 0 
3 8 5 . 8 0 
5 6 0 . 0 0 
3 9 1 . 5 0 
5 6 0 . 0 0 
3 9 1 . 1 0 
SSO.OO 
5 6 0 . 0 0 
5 6 0 . 0 0 
S 6 0 . 0 0 
5 6 0 . 0 0 
5 6 0 . 0 0 
5 6 0 . 0 0 
5 6 0 . 0 0 
5 6 0 . 0 0 
5 6 0 . 0 0 
5 6 0 . 0 0 
5 6 0 . 0 0 
5 6 0 . 0 0 
5 6 0 . 0 0 
5 6 0 . 0 0 

Y-RIGHT 

2 3 1 . 5 0 
2 3 4 . 0 0 
2 3 5 . 0 0 
2 3 S . 0 0 
2 3 8 . 0 0 
2 4 0 , 0 0 
2 4 0 . 0 0 
2 6 9 . 0 0 
2 6 9 . 0 0 
2 9 8 . 6 0 
2 3 8 . 6 0 
2 9 7 . 6 0 
3 1 5 . 1 6 
2 6 9 . 0 0 
2 9 5 . 2 0 
2 9 5 - 3 0 
3 1 3 . 1 6 
2 6 9 . 0 0 
2 6 8 . S O 
2 6 7 . 0 0 
2 6 7 . 0 0 
2 9 5 . 3 0 
2 5 1 . 4 0 
2 5 1 . 4 0 
2 4 7 . 4 0 
2 4 7 . 4 0 
2 4 4 . 3 0 
2 4 4 . 3 0 
2 3 6 . 0 0 
2 3 6 . 0 0 
2 3 4 . 0 0 
2 3 0 . 0 0 
2 2 4 . 0 0 
2 2 0 . 0 0 
2 1 1 . 0 0 
1 9 0 . 0 0 
1 8 7 , 0 0 
1 7 8 . 0 0 
1 7 5 . 0 0 
1 7 2 . 0 0 
1 6 8 , 0 0 
1 5 7 , 0 0 

SOIL TYPE 
BELOW BND 

7 
•7 

6 
5 
5 
2 
3 
3 
3 
1 
1 
1 
1 
3 
2 
2 
4 
2 
2 
2 
1 
4 
1 
1 
2 
n 

3 
3 
5 
6 
7 

8 
9 

10 
1 1 
12 
13 
14 
15 
16 
17 
IB 

ISOTROPIC SOIL PTIRAMETERS 

l a TYPE(S) OF SOIL 

SOIL TOTAL SATURATED COHESION FRICTION PORE PRESSURE PIEZOMETRIC 



TYPE 
NO. 

1 
2 
3 
4 
5 
6 
7 

3 
5 

10 
11 
12 
13 
14 
IS 
16 
17 
18 

TMiT wr. 

120.0 
110.0 
130.0 
120.0 
130.0 

120.0 
110,0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 

UNIT WT. 

120.0 
110.0 
130.0 
120. C 
130.0 
120.C 
110.0 
110.0 
110.0 

110. Q 
110.0 
110.0 
110.0 

110.0 
110.0 

no.o 
110.0 

110.0 

INTERCEPT 

100.0 

270.0 
400.0 
100.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 

ANGLE 

<DEG) 

23.0 
28.0 
32.0 
25.0 
30.0 
30.0 
30.0 
27.0 
30,0 
27.0 

30.0 
27.0 

30.0 
27.0 
30.0 
27.0 
30.0 
27.0 

PRESSURE 
PARAMETER 

.00 

.00 

.00 

.00 
,00 
.00 
.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

CONSTANT 

.0 

.0 
,0 
.0 
.0 
.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 
,0 
.0 
,0 

SURFACE 
NO. 

1 
1 
1 
1 
1 
1 
X 
1 
1 

1 
1 

1 
1 
1 
1 
1 
1 
1 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 

UNITWEIGHT OF MATER » 62.40 

PIEZOMETRIC SURFACE NO. 1 SPECIFIED BY 2 COORDINATE POINTS 

OINT 
NO. 

1 
2 

X-WATER 

.00 
360.00 

Y-W.WER 

234.00 
234,00 

A K0RI20KTAL EARTHQUAKE LOADING COEFFICIENT . 
OF .180 HAS BEEN ASSIGNED 

A VERTICAL EARTHQUAKE LOADING COEFFICIENT 
OP ,000 HAS BEEN ASSIGNED 

CAVITATION PRESSirRE = .0 

A CRITICAL FAILURE SURFACE SEARCHING METHOD, USING A RANDOM 
TECHNIQUE FOR GENERATING CIRCULAR SURFACES, HAS BEEN SPECIFIED. 

2500 TRIAL SURFACES HAVE SEEN GENERATED. 

50 SURFACES INITIATE FROM EACH OF 50 POÎ fTS EQUALLY SPACED 
ALONG THE GROUND SURFACE BETWEEN X ^ 100.00 

AND X = 200.00 

EACH SURFACE TERMINATES BETWEEN X = 3 3 0 . 0 0 
AND X = 450 .CO 



UNLESS FURTHER LIMITATIONS WERE IMPOSED, THE MINIMUM ELEVATION 
AT WHICH A SURFACE EXTENDS IS Y - .00 

10.00 FT. LINE SEGMENTS DEFINE BACH TRIAL F.AILURE SURFACE. 

FOLLOWING ARE DISPLAYED THE TEN MOST CRITICAL OF THE TRIAL 
FAILURE SURFACES EXAMINED. THEY ARE ORDERED - MOST CRITICAL 
FIRST. 

SAFETY FACTORS ARE CALCULATED BY THE MODIFIED BISHOP METHOD. 

FAILURE SURFACE » 1 SPECIFIED BY 36 COORDINATE POINTS 

SAFETY FACTOR 1.147 

X-CENTER " 23 0.12 
Y-CENTER " 4 9 3.91 
RADIUS » 282.88 

POINT 
NO. 

1 

2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 

13 
14 
XS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
37 

28 
29 
30 
31 
32 
33 
34 
35 
36 

X-SURF 

124.49 
133.63 
143.29 
152.86 
162.53 
172.28 
182.10 
191.99 
201.92 
211.88 
221.87 
231.87 
241.87 

251,85 
261.81 
271.72 

281.69 
291.39 
301.11 
310.74 
320.28 
329.70 
336.99 
348.15 
357,17 
366. C2 
3 74.71 

383.21 
391.52 
399.53 
407.53 
415,21 
422,65 
429,66 
436.81 
438.8S 

Y-SURP 

231.50 
227.93 
224.69 
221.73 
219.23 
217.01 
215.14 
213.62 
212.45 
211.63 
211.16 
211.04 
211.23 
211.37 
212.82 

214.11 

215.76 
217.75 
220.09 
222.77 
225.79 

229.14 
232.83 
236,84 
241.17 
245.82 
250.73 

256.04 
261.60 
267.45 

273.58 
279.99 
286.67 
293.60 
300.7 6 
303.05 

ALPHA 
!DEG) 

-20.91 

-13.89 
-16.86 
-14.84 

-12.81 
-10.79 
-3.76 
-6.74 
-4.71 
-2.58 
-.66 
1.37 

3.39 
5.42 
7.44 
9.47 

11.49 
13.52 
15.55 
17.57 

19.60 
21.62 
23.65 
25.67 
27.70 

29.73 
31.75 
33.78 
35.80 
37.83 
39.85 
41.88 
43.90 
4 3.93 
47.96 

SLICE 
NO. 

DX DQ DU DN DSr 

125.45 3.93 402,33 .00 852.17 636.63 1053.46 
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FAILURE SURFACE # 2 SPECIFIED BY 35 COORDINATE POINTS 

SAFETY .FACTOR = 1.14 7 

X-CENTER » 223 
Y-CEKTER = 4 82 
RADIUS = 

POINT 
NO. 

-. 
2 
3 
4 
5 

€ 
7 

8 
9 
10 
11 
12 
13 
14 
15 
IS 
17 

18 
19 
20 
21 
22 

23 
24 

25 
26 
27 

28 
29 
30 
31 
32 
33 
34 
35 

38 
16 

270.98 

X-SURF 

120.41 

123.73 
133.17 

148.73 
333.40 
168.15 
177.97 

187.86 
197.80 
207.77 

217.76 
227.76 
237.75 
247.73 
257.67 
267.56 
277.40 
287,16 
296.83 
306,41 
315.87 

325.20 

334.40 
343.45 
352.33 
361.03 
369.55 
377.87 
335.98 
393.87 
401.52 
403.94 
416.10 
423.00 
425.50 

Y-SURF 

231.50 
227.37 
224.59 
221.56 
219.08 
216.86 
215.00 
213.51 
212.38 

211.62 
2X1.23 
211.21 
211.55 
212.27 
213.35 
214.80 
216.61 
218.78 
221.32 
224.20 
227.44 

231.03 
234.96 
239.22 
243,81 
248,73 
253.97 

259.52 
265.37 

271.53 
277.95 
284.66 
231.64 
298.88 
301,71 

ALPHA 
(DEG) 

21.28 
-19.16 
-17.05 
-14.93 
-12.82 

-10.70 
-8.59 
-6.48 
-4.36 
-2.25 
-.13 

1.98 
4.10 
6.21 
8.33 

10.44 
12.55 
14.67 

16.78 
18.90 
21.01 
23.13 
25.24 

27.36 
29.47 
31.58 
33.70 
35.81 
37.93 
40.04 
42.16 
44.27 

46.39 
48.50 

FAILURE SURFACE # 3 SPECIFIED BY 37 COORDINATE POINTS 

SAFETY FACTOR 

X-CENTER = 232-S6 
Y-CENTER = 506.15 
RADIUS = 2 95.15 

POINT 

NO. 

1 
2 
3 

4 
5 

6 
7 

a 
9 

X-SURF 

124.49 
133.86 
143.34 
152.92 

162.59 
172.35 
182.17 
192.05 
201.98 

Y-SURF 

231.50 
228.00 
224.81 
221.95 
219.42 
217.21 
215.34 
213.80 
212.59 

ALPHA 

(DSG) 

-2 0.51 
-18.57 
-15.63 
-14 .68 
-12.74 

-10.80 
-8.85 
-6.92 
-4.98 



10 
11 
12 
13 
14 
15 

16 
17 

IS 
13 
20 
21 
22 
23 
24 
25 
26 
27 

23 
29 
5C 

31 
32 
33 
34 

35 
36 
37 

211.94 
221.32 
231.92 
241.92 
251-91 

261.88 
271.81 
261.69 

291.53 
301.29 
310.97 
320.57 

330.06 
339.44 
348.70 
357.83 

366.31 
375.63 

384.30 
392-73 

4C1.09 

409.20 
417-11 
424.31 

432.28 
439-53 
446-54 
447.50 

211.72 

£11.20 
211,00 
211.15 
211.S4 
212.46 
213.62 
215,12 

216.S5 
219.12 
221.61 
224.43 
227,57 

231.04 
234,82 
238.91 
243.30 
248,00 
253,00 
258.28 

263,65 

269.70 
275.82 
282.20 
283.85 
295.74 
302.67 

303.Sl 

-3.04 

- 1 . 0 9 
.85 

2.79 

4.73 
5.57 

6,61 

10.55 
12.50 
14.44 
16.38 
18.32 
20,26 
22.20 
24.14 
25.08 
23.03 
29.97 

31.91 
33.85 
35.79 

37.73 
39.67 

41.62 
43.56 
45.50 
47.44 

FAILURE SURFACE # 4 SPECIFIED BY 33 COORDINATE POINTS 

SAFETY FACTOR 1 . 1 5 0 

X-CENTER 
Y-CENTER 
RADIUS = 

POINT 

NO. 

1 
2 
3 
4 
5 
6 
7 

8 
9 

IC 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

228 
460 

24 8.94 

X-SURF 

130.51 
139.88 
149.29 

158.83 
168.46 
178.22 
138.05 
137.95 
207.90 
217.38 
227.87 
237.87 
247,36 
257.31 
267.72 

277.56 
267.32 
237.00 

306.56 
315.99 
325-29 

334.43 
343.40 
352.18 
360.77 

3S9.14 
377.28 

83 

23 

Y-SURF 

231.50 
227.74 

224.35 
221.35 
218.73 
216.50 
214 .66 
213.22 
212.18 
211.54 

211.30 
211,46 
212.02 
212,98 
214,35 
216.11 

218.26 
220.80 
223,73 
227.04 
230.73 
234,79 
239.21 

243.99 
249.12 
2S4.S9 
260.39 

ALPHA 
(DEG) 

-22.09 
-19.79 
-17.49 

-15.19 
-12.89 
-10.58 

-3.28 
-5.98 
-3.68 
-1.38 

.92 

3.23 
5.53 
7.83 

10.13 
12.43 
14.74 
17.04 
19.34 
21.64 
2 3.94 
25.24 

23.55 
30.85 
33.15 
35.45 
37.75 



28 
29 
30 
31 
32 
33 

385.19 
3S2.8S 
400.24 

407.3 5 
414,17 
420.35 

266 
2 72 
279 
286 
294 
301 

51 
$4 
66 
71 

02 
20 

40 
42 
44 
46 

49 

05 
3 6 
66 
96 
2S 

FAILURE SL'RFACE H 5 SPECIFIED BY 36 COORDINATE POINTS 

SAFETY FACTOR = 1 . 1 5 1 

X-CE^^TER = 2 3 9 . 1 6 

Y-CENTER - 4 8 9 . 0 0 
RADIUS - 2 7 7 . 8 8 

POINT 
NO. 

1 

2 
3 
4 
5 

6 
7 

8 

5 
10 
11 
13 
13 
14 
15 
16 
17 

18 
19 
20 
21 
22 
23 
24 

25 
25 
27 

28 
29 
30 
31 
32 
33 
34 
35 
36 

X-SUR? 

124.63 
144,03 
153.48 
163.05 
172.71 

182.47 
192,23 
202,18 
212.11 

222.08 
232,07 
242.07 
252.06 
262,04 
271.99 

261.30 

291.75 
301,54 
311.24 
320.85 
330.35 
339.74 
348-99 
3S8.11 
367.07 

375.85 
364,48 

392.90 
401.13 
409.15 
416.95 

424.52 
431,85 
438.93 
445.75 
446.30 

Y-SURF 

231.50 
227.31 

224.S5 
221.74 
213.18 
215.96 
315.10 
213.59 
212.44 
211.64 
211.21 

211.13 
211,42 
212.06 
213.06 
214,42 
216,14 
218.21 

220.53 
223.39 
225.51 
229.96 
233,74 
237.86 
242.30 
247.06 

252.14 
257,52 
263,20 
269.18 
275.44 
281.97 

288.77 
295.84 
303.15 
303.79 

ALPHA 
(DEG) 

-21.05 
-18.99 
-16.93 
-14.07 

-12.30 
-10.74 
-8.68 
-6.62 

-4.56 
-2.49 
-.43 
1.63 
3.69 
5.75 
7.82 
9.68 

11.94 
14.00 
16.06 

18.13 
20.19 
22.25 
24.31 
26.37 
28.44 

30.50 
32.56 
34.62 
36.68 
38.75 
40.81 
42.87 

44.93 
46.99 
49.05 

FAILLiRE SURFACE U 6 SPECIFIED BY 36 COORDINATE POINTS 

SAFETY FACTOR - 1 . 1 5 2 

X-CENTER » 230.98 
Y-CEKTER > 4 97.72 
RADIUS = 185.98 

POINT X-SURF Y-SURF 
NO. 

ALPHA 

(DEG) 

http://3S8.11


1 
2 
3 
4 

5 
6 
7 

8 

9 
10 
11 
12 
13 
14 
IS 
16 
17 

le 
19 
20 
21 
22 
23 
24 

25 
26 
27 

28 
29 
30 

31 
32 
33 
34 
35 
36 

126.53 
135,90 
145.39 

154.98 
164.57 

174.44 
184.27 

134,16 

204.IC 
214.07 

224.06 
234.06 
244.06 
254.04 
263.99 
273.90 
283.76 
293.56 
303.27 

312.90 
322.43 
331.85 
341.14 
350.30 
359.32 
363.17 
376.86 
385.37 

393.70 
401.82 
409.73 
417.43 
424.90' 
432.13 
439.11 
440.59 

231.50 

228.01 
224.85 
222.03 
219.54 

217.39 
215.58 
214.12 
213.01 
212.24 

211.63 
211.76 
212.04 
212.68 
213.66 
214.98 
216.66 
218.67 

221.03 
223.73 
226.76 
230.12 

233.81 
237.83 
242.16 
246.80 
251.75 
257.00 
262.55 
266.36 
274.49 
280,38 
267.53 
294.44 
301.59 
303.22 

-20.42 
-16.42 
-16.41 
-14.41 
-12.41 
-10.40 
-8.40 
-6.39 

-4.39 
-2.39 
- .38 
1.62 
3.62 
5.63 
7.63 
9.63 

11.64 
13.64 

15.64 
17,65 
19,65 
21,66 
23.66 
25.66 
27.67 
29.67 
31.67 
33.68 

35.68 
37.66 
39.S9 
41.69 
43.69 
45.70 
47.70 

FAILURE SURFACE # 7 SPECIFIED BY 35 COORDINATE POINTS 

SAFETY FACTOR = 1.152 

X-CENTER 
Y-CENTER 
RADIUS = 

POINT 
KO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
IS. 
17 
18 
19 

223 
492 

38 
10 

280.21 

X-SURF 

120.41 
129.77 
139.26 
148.85 
158.53 
168.30 
17S.14 

188.04 
197.96 

207.95 
217.94 
227.94 
237.94 
247.91 
257.86 

267.76 
277.60 
267.38 
297.07 

Y-SURF 

231.50 
227.99 
224.82 
221.99 
219.50 
217.36 
215.57 

214.13 
213.05 
212.32 
211.95 
211.93 
212.27 
212.97 

214.03 
215.43 

217.19 
219.30 
221.75 

ALPHA 
(DEG) 

-20.54 

-18.49 
-16.45 

-14.40 
-12.35 
-10.31 
-8.27 

-6.22 
-4.18 
-2.13 
-.09 
1.96 
4.00 
6.OS 
8.09 

10.14 
12.18 

14.23 
16.27 



2 0 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

30S 
31S 
32S 
334 
343 

352 
361 

370 
378 
336 
394 
402. 
410. 
417. 
424 
429. 

.67 

.16 

.54 

.78 

.89 

.84 

.62 

.23 

.65 

.87 

.89 

.69 
,25 
,59 
.67 

25 

224 
227 

231 
235 
239 
243 
243 
253 
253 
364 
270 
276 
283. 
290. 
297 

302. 

.56 
,71 
,19 
.00 
.14 
.SO 
.38 
.46 
.36 
.55 
.52 
.79 
,32 
.12 

.13 
09 

18 
20 
22 
24 
26 
23 
30 
32 
34 
36 

38 
40 
42 
44. 
46 

.32 

.36 

.41 

.45 

.50 
,54 

,59 
.63 
.68 
.72 
.77 

.81 
,86 
,90 
,95 

FAILURE SURFACE # 8 SPECIFIED BY 38 COORDINATE POINTS 

SAFETY FACTOR 1 , 1 5 4 

X-CENTER « 22 2 . 4 8 
Y-CENTER = 5 3 4 . 8 3 
R-IDIUS =. 3 2 3 . 4 9 

POINT 

NO. 

i_ 

2 
3 
4 
5 
6 
7 

8 
9 

10 

11 
12 
13 
14 

15 
16 
17 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

25 
30 
31 
32 

33 
34 
35 
36 
3 7 
36 

X-SURF 

110.20 
119.64 
129.16 

138.78 
148.48 
158.25 
168.03 
177.96 
137.89 

197.85 
207.83 
217.82 
227.82 
237.82 

247.80 
237.75 
267.SB 
277.56 
287.38 
297.15 
306.84 
316.45 
325.58 
335.40 
344.71 
353-91 
362.99 

371.93 
380.72 
389.37 

337.85 
406.17 

414.31 
422.27 
430.04 
437,61 

444.98 
449.07 

Y-SURF 

231.EO 
228.17 
225,14 
222.41 
219.97 

217.83 
216,00 
214.47 

213.25 
212.33 
211.72 
211.43 
211.44 

211.76 
212.33 
213.32 
214.57 
216.12 
217.97 
220.13 
222.59 
225.34 
228.40 
231.74 
235.38 
235.30 
243.30 
247.96 

252.74 
257.77 

263.06 
268.61 
274.41 
280.47 
236.77 

293.30 
300.06 
304.07 

ALPHA 
(DEG) 

-19.42 
-17.65 
-15.88 
-14.11 
-12.34 
-10.57 

-8.79 
-7.02 
-5.25 
-3.48 
-1.71 

.06 
1.83 
3.60 
5.38 
7.15 
8.92 

10.69 
12.46 
14.23 
16,00 
17.77 

19.55 
21.32 
23 .09 
24.86 
26.63 
28.40 
30.17 
31.94 

33.72 
35.49 
37.26 
39.03 
40.80 
42.57 
44.34 



FAILURE SURFACE 4 9 SPECIFIED BY 36 COORDINATE POINTS 

SAFETY' FACTOR » 1 . 1 5 5 

X-CEWTEK = 213 
Y-CEHTER = 492 
RADIUS 

POINT 
NO. 

1 
2 

3 
4 
5 

6 
7 

8 
9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

61 
82 

282,21 

X-SURF 

112.25 
121.37 
131.02 

14'3.5S 
15C.23 
1=9.97 

169.79 
179,57 

189.59 
199.55 
i2C9.S4 

219.34 
229.54 
239.52 
249.48 
259.40 
269.27 

279.08 
268.81 
298.45 
307.99 
317.42 
326.73 

335.90 
344.92 
353.79 
362.48 
371.00 
379.32 
387.45 
39S.3S 
4 03.05 
410.50 
417.72 
424.69 
426.51 

Y-SURF 

231.50 
227.89 
224.61 
221.67 
219.07 

216.81 
214.90 
213.33 
212.12 

211.26 
210.76 
210.61 
210.81 
211.37 

212.23 
213.54 
215.15 
217.12 
219.42 
222.08 
225.07 

228,39 
232,05 

236,04 
240.35 
244.98 
249.91 
255.16 
260.70 
266.53 
272.65 
279.04 
285.70 
292.62 
299.80 

301.81 

ALPHA 
(DEG) 

-21 ,17 
-13.14 
-17.11 
-15.08 
-13.05 

-11,02 
-8.99 
-6,96 
-4,93 

-2.90 
-.87 

1.16 
3 .19 
5 .22 
7.25 
9,28 

11.31 
13.35 
15.38 
17,41 
19.44 
21.47 
23.50 

25.53 
27.56 
29.59 
31.62 
33 .65 
35 .sa 
37.71 
39.74 
41.77 

43.80 
45.83 

47,86 

FAILUTIE SURFACE #10 SPECIFIED BY 36 COORDIN.ATS POINTS 

SAFETY FACTOR = 1 . 1 5 5 

X-CENTER 
Y-CENTER 
RADIUS = 

POINT 
KO, 

1 
2 
3 

4 
5 
6 
7 

6 

228 
491, 

281.23 

X-SURF 

120.41 
123.71 

139.14 
148.68 

159.33 
163.06 
177.86 
187.73 

06 
31 

Y-SURF 

231.50 
227.84 

224.51 
221.51 
218.86 

216.56 
214.60 
212.39 

ALPHA 
(DEG) 

-21,49 
-13.45 
-17.41 
-15.37 

-13.34 

-11.30 
-9,26 
-7.22 



3 
10 
11 
12 
13 
14 
15 
15 
17 

16 
19 
20 
21 
22 

23 
24 
25 • 
26 
27 
28 
29 
30 
31 
32 

33 
34 
35 
35 

197.65 
207.61 
217,50 
227.60 
237,59 
247,58 
257,54 
267,47 
277,34 
267,15 
296,89 
306,54 

316.10 
325.54 
334.65 
344.03 
353.07 
361.95 
370,65 
379,18 
387,52 

395.65 
403.58 
411.28 
418.75 
425.38 
432.95 
436.72 

211.73 
210-83 
210.28 
210.08 
210.24 
210.76 
211.63 
212.85 

214.43 
216.36 
218.64 
221.26 
224.22 
227.52 
231.15 
235.11 
239.39 
2-44.00 
248.91 
254.14 
259.56 
255.43 

271.53 
277.36 
284.61 
291.52 
298.68 

302.83 

-5.19 
-3.15 
-1.11 

.92 
2.96 
5.00 
7.04 
9.07 

11.11 
13.15 
15.19 
17.22 
19.25 
21.30 
23.34 
25.37 

27.41 
29.45 
31.43 
33.52 
35.56 
37.60 

39.64 
41.67 

43.71 
45.75 
47.79 



X 

157.00 227.00 297.00 367.00 

X .00 »-***«•--«*** -f + 

4-i7,00 507.00 

70.00 + 

A 140.00 

X 210.00 + 

I 280.00 -I-

S 350.00 

420.00 -f 

, .11 
.81* 

1 
12 
51 
12 
11 
512 
512 
129 
11 
,1 2. 
.*124. 
**31124.. 
. . . ,3124, . 

31122 
311 

. .831 

490.00 

550 . 00 •• **** ****** 
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--SLOPE STABILITY ANALYSIS--
SIMPLIFIED JANBU METHOD OF SLICES 

IRREGULAR FAILURE SURFACES 

PROBLEM DESCRIPTION CELL 6/LT/STATIC/SOXrTH/WASTE -i-20' 

BOUNDARY COORDINATES 

9 TCP BOUNDARIES 
3 8 TOTAL BOUNDARIES 

BOUNDARY 
NO. 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 

11 
12 

13 
14 
15 
16 
17 

18 

19 
20 
21 
22 
23 
24 
25 
26 
27 
26 
29 
30 

31 

32 
33 
34 

35 
35 
37 

38 

X-LEFT 

.00 
211.50 
217.50 
237.50 

310.00 
3 2 0.20 
379.40 
381.40 
384.40 
320.20 
324.70 
377.10 
3 82.00 
323.30 

324.70 
328.10 
332.70 
339.00 

339.00 
385.80 
332.70 
391.50 
323.90 
391.10 
211.50 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
-00 
.00 
.00 
.00 
.00 
.00 

Y-LEFT 

238.00 
238.00 
243.00 
240.00 
269.00 
2S9.00 
29S.S0 
298.60 
297.60 
2S3.00 

269.00 
295.20 

295.30 
266.70 
263.00 
263.50 
267.00 
267.00 
267.00 
251.40 
267.00 
247.40 

266.70 
244.30 

23S.00 
236.00 
234.00 
23 0.00 
224.00 
220.00 
211.00 
190.00 
18 7.00 

173.00 
173,00 

172.00 
163,00 
157.00 

X-RIGHT 

211.50 
217,50 

237,50 
310,00 
320,20 
379,40 
381.40 
384.40 
560.00 
324.70 
377.10 
382.00 

560.00 
324.70 
328.10 
332.70 
339.00 
382.00 
385.80 
560.00 
391.50 
SSO.OO 
391.10 
560.00 
560,00 
560.00 
560.00 
550.00 
560.00 
560.00 

560.00 
560.00 
560.00 
560.00 
560.00 

560.00 
560.00 
560.00 

Y-RIGHT 

233.00 
240.00 
240.00 
269.00 
269.00 
298.60 
298.60 
297.60 
315.IS 
269.00 
295,20 
295.30 
313.16 
269.00 
268.50 
267.00 
267.00 
295.30 
251,40 
251,40 
247,40 
247,40 
244,30 
244.30 
233.00 
236.00 
234.00 
230.00 
224.00 
220.00 

211.00 
190.00 
187.00 
178.00 
175,00 
172,00 
168,00 
157,00 

SOIL TYPE 
BELOW BND 

5 
3 

3 
3 
3 

1 
1 
1 
1 
3 
2 
O 

4 
2 

2 
2 

1 
4 
1 
1 
2 
2 
3 
3 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
IS 
17 

18 

ISOTROPIC SOIL PARAMETERS 

18 TYPE(S) OF SOIL 

SOIL TOTAL SATURATED COHESION FRICTIO.S' PORE PRESSURE PIESCMETRIC 
TYPE UNIT WT. UNIT WT. INTERCEPT ANGLE PRESSURE CONSTANT SURFACF. 
NO. (DEG) PARAMETER NO. 

120,0 120,0 100.0 28.0 .00 



2 
3 
4 
5 
S 
7 
8 
9 

10 

11 
12 
13 
14 
IS 
16 
17 

18 

110.0 
130.0 
120.0 
130.0 
120.0 
1 1 0 . 0 
110,0 
110.0 
110.0 

110.0 
110.0 
110.0 
110.0 
110.0 

110.0 
110.0 
110.0 

110.0 
130.0 
120.0 
130.0 
120.0 
1 1 0 . 0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 

270.0 
400.0 
100.0 
200.0 
200.0 

2 0 0 . 0 
200.0 
200.0 
200,0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 

26.0 
32.0 
25.0 
30.0 
30.0 
30.0 
27.0 
30.0 

27.0 
30.0 
27.0 
30.0 

27.0 
30.0 
27.0 
30.0 
27.0 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

1 
1 
1 
J. 

1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 

1 PIEZOMETRIC SURFACE(3) HAVE BEEN SPECIFIED 

UNITWEIGHT OF WATER = 52.40 

PIE3CMBTHIC SURFACE NO. 1 SPECIFIED BY 2 COORDINATE POINTS 

>OINT 
NO. 

1 
2 

X-W.ATER 

.00 
ScC.OO 

Y-WATER 

234.00 
234.00 

A CRITICAL FAILURE SURFACE SEARCHING METHOD, USING A RANDOM 
TECHNIQUE FOR GENERATING CIRCULAR SURFACES, HAS BEEN SPECIFIED. 

2500 TRIAL SURFACES HAVE BEEN GENERATED. 

SO SURFACES INITIATE FROM EACH OF 50 POINTS EQUALLY SPACED 
ALONG THS GROUND SUP.F.ACS BETWEEN X = 300.00 

AND X = 335.00 

BACH SURFACE TERMINATES BETWEEN X =. 370,00 
AND X = 420.00 

UNLESS FURTHER LIMITATIONS WERE IMPOSED, THE MINIMUM ELKVATION 
AT WHICH A SURFACE EXTENDS IS Y =150.00 

5.00 FT. LINE SEGMENTS DEFINE E.ACH TRIAL FAILURE SURFACE. 

FOLLCWING ARE DISPLAYED THS TEN MOST CRITICAL OF THE TRIAL 
FAILURE SURFACES EXAMINED.. THEY ARE ORDERED - MOST CRITIC.OiL 
FIRSI. 



SAFETY FACTORS ARE CALCULATED BY THE MODIFIED BISHOP METHOD. 

FAILURE SURFACE if 1 SPECIFIED BY 17 COORDINATE POINTS 

SAFETY FACTOR = 1 . 6 0 6 

X-CENTER 
Y-CENTER 
RADIUS . 

POINT 
NO. 

i_ 

2 
3 
4 
5 
6 
7 

8 
5 

10 
11 
12 
13 
14 
15 
IS 
17 

331 

336 
67.9-

X-SURP 

321.43 
326.40 
331.39 
336.39 
341.36 
346.23 
351-12 

3SS.86 
3€0.46 
354.91 
369.17 
373.24 

377.08 
360.67 

384.00 
387.05 
387.35 

55 
81 

Y-S-JP.F 

259.61 
269.05 
2 68.64 
269.01 
269.54 
270.44 
271.69 

273.30 
275,25 

277.53 
230.14 

283.05 
286.25 
239.73 
293.46 
297.43 
297.90 

ALPHA 
(DEG) 

-6.54 
2,32 
1.89 
6,11 

10,32 
14.54 
18.75 
22.97 

27.19 
31.40 
35.62 
39.83 
44.05 
48.26 
52.48 
56,69 

SLICE 
NO, 

1 
2 

3 
4 
S 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
15 
17 

IB 
19 
20 
21 
22 

23 
24 

X 

323.26 
325.74 
328.63 
333.83 
336.63 
342.40 
344.86 
348.70 
353.49 
358.16 
362.68 
367,04 
371.21 
375,16 

377,09 
378,25 
380.04 
381.04 
361.70 
383.00 
384,20 
365,05 
386,37 
387.20 

DX 

3.56 

1.31 
5.00 
S.OO 
4.97 
2.07 

2.65 
4.84 

4.73 

4.60 
4.45 
4.27 

4.06 
3.84 
.02 

2.30 
1.27 
.73 
.60 

2.00 
.40 

1.30 
1.35 
.31 

DW 

494.20 
410.53 

2532.31 

3916.66 
,5068.88 
2408,11 
3573,13 
6703.51 

7145.96 
7288.94 
7151.35 
6755.29 

6131.23 
5317.64 

28.43 
2881.12 

1432.12 
734.64 
547.37 

1375.02 
139.05 
442.23 

201.95 
8.10 

DQ 

.00 
,00 
.00 
.00 
.00 
.00 
.00 
,00 
,00 

.00 

.00 

.00 
,00 
,00 
.00 
.00 
.00 
.00 
.00 

.00 

.00 

.00 

.00 

.00 

DU 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

DN 

544.39 
455.85 

2603.46 
3848.94 

4836.SS 
2247,78 
3423.15 
6371.07 
6773.30 
6931.76 

5857.12 
S561.B9 

6059.03 
3365.70 

29,47 

2979,1.4 
1472,41 

775,03 
572.90 

1400.13 
186.67 
401.51 

105.32 

-25.55 

DSr 

403.61 
371.99 

1702.29 

2114.58 
2441.51 
1097.79 
1174.05 
2160.87 
2277.64 
2323.65 
2301.98 
2216.18 
2070,28 
1869.00 

10.43 
1064.09 

537.65 
293.07 
222,43 

593,58 
95.01 

249.25 
172.98 
26.46 

FAILURE SURFACE # 2 SPECIFIED BY 16 COORDINATE POINTS 

S.AFETY FACTOR = 1 . 6 2 2 

X-CENTER =. 
Y-CENTER a 

3 3 4 . 1 8 
3 3 0 , 1 6 



RADIUS 60.41 

POINT 
HO. 

X. 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

X-SURF 

3 2 3 . 5 7 
3 2 8 . 5 3 
3 3 3 , 5 2 
3 3 8 . 5 2 
3 4 3 . 4 9 
3 4 3 . 3 9 
3 5 3 . 2 0 
3 5 7 . 8 7 
3 5 2 . 3 9 
3 6 6 . 7 1 
3 7 0 . 3 1 
3 7 4 . 6 5 
3 7 8 . 2 2 
3 6 1 . 4 9 
3 8 4 . 4 4 
3 8 5 . 0 6 

Y-SURF 

2 7 0 . 6 9 
2 7 0 . 0 1 
2 6 9 . 7 5 
2 6 3 . 9 0 
2 7 0 . 4 7 
2 7 1 , 4 4 
2 7 2 , 8 2 
2 7 4 . 5 9 
2 7 5 . 7 4 
2 7 9 . 2 5 
2 8 2 . 1 2 
2 8 5 . 3 1 
2 8 8 , 8 1 
2 9 2 . 6 0 
2 9 5 . 6 4 
2 5 7 . 6 7 

ALPHA 
(DEG) 

- 7 . 74 
- 3 . 0 0 

1 .7S 
5 . 4 9 

1 1 . 2 3 
1 3 . 9 8 
2 0 . 7 2 
2 5 . 4 7 
3 0 . 2 1 
34 .95 
3 9 . 7 0 
4 4 . 4 4 
4 9 . 1 8 
5 3 . 9 3 
5 3 . 6 7 

FAILURE SURFACE # 3 SPECIFIED BY 16 COORDINATE POINTS 

SAFETY F.ACTOR = 1.623 

X-CENTER 
y-CE>rrER 
RADIUS = 

POINT 
NO. 

1 
2 
3 
4 
5 
6 
7 

a 
9 

10 
11 
12 . 
13 
14 
15 
16 

335 
3 2 7 . 

5 8 . 5 1 

X-SURF 

3 2 2 . 8 6 
3 2 7 . 7 7 
3 3 2 . 7 4 
3 3 7 . 7 4 
3 4 2 . 7 3 
3 4 7 . 6 7 
3 5 2 . 5 3 
3 5 7 . 2 6 
3 6 1 . 3 7 
3 6 6 . 2 7 
3 7 0 . 4 6 
3 7 4 . 4 0 
3 7 S . 0 6 
3 8 1 . 4 2 
3 6 4 . 4 4 
3 8 7 . 0 0 

42 
2 5 

Y-SURF 

2 7 0 , 3 3 
2 6 9 . 3 8 
2 6 8 , 6 5 
2 6 8 , 7 5 
2 6 9 , 0 8 
2 6 9 . 8 3 
2 7 1 . 0 0 
2 7 2 . 5 6 
2 7 4 . 5 6 
2 7 6 . 9 3 
2 7 9 . 5 5 
2 6 2 . 7 4 
2 8 5 . 1 4 
2 8 9 . 8 5 
2 9 3 . 8 3 
2 9 7 . 8 6 

ALPHA 
(DEG) 

- 1 0 . 9 5 
- 6 . 0 5 
- 1 . 1 6 

3 . 7 4 
3 . 6 4 

1 3 . 5 4 
1 8 . 4 4 
2 3 . 3 3 
2 S . 2 3 
3 3 , 1 3 
3 8 . 0 3 
4 2 . 9 3 
4 7 . 6 2 
5 2 . 7 2 
5 7 . 6 2 

FAILURE SURFACE # 4 SPECIFIED BY 17 COORDINATE POINTS 

SAFETY FACTOR 1.629 

X-CENTER 
Y-CENTER 
PJkDIUS » 

POI.MT 
NO. 

1 
2 
3 
4 
5 

329 
3 5 1 

8 2 , 3 4 

X- SURF 

3 2 1 . 4 3 
3 2 5 . 4 2 
3 3 1 . 4 2 
3 3 6 . 4 1 
3 4 1 . 3 8 

23 
59 

Y-SURP 

2 6 9 . S l 
2 6 9 . 2 3 
2 6 9 . 2 7 
2 5 9 . 5 6 
2 7 0 . 1 4 

ALPHA 
(DEG) 

- 3 . 7 0 
- . 2 2 
3 . 2 6 
6 . 7 4 

1 0 . 2 2 



6 
7 

8 
S 

10 
11 
12 
13 
14 
15 
16 
17 

346 

351 
355 
3 60 
365 
369 
373 
373 
381 
385 
389 
392 

.3D 
IS 
93 
61 
17 

60 
88 
00 
94 

sg 
22 
04 

271 
272 
273 
27S 
277 
279 

2 8 2 
285 
283 
291 
29S 
293 

.03 

.22 
69 

45 
50 
32 
40 
24 
32 
64 
17 
35 

13.70 
17.18 
20.66 
24.14 

27.62 
31.10 
34.58 

38.06 
41.54 
45.02 
46.50 

FAILURE SURFACE # 5 SPECIFIED BY COORDINATE POINTS 

SAFETY FACTOR 1 . 6 4 1 

X-CENTER 
Y-CENTER 
RADIUS = 

POINT 
NO, 

1 

2 
3 
4 
5 

S 
7 

8 . 

9 
10 
11 
12 
13 
14 
15 
IS 
17 

325 
354 

34 
66 

83,13 

X-SURF 

321.43 
326.43 
331.42 
336.40 
341.34 
346.22 
351.03 
355.75 
360.35 
364.86 
369.22 
373.42 

377.46 
381.33 
364.99 

368.45 
386.90 

Y-SURF 

269.61 
269.53 
269.74 
270.25 
271.04 
272.12 
273.49 
275.14 

277.06 
279.25 
231.70 
284.40 
287.35 
290.52 
2 93.92 
297.53 
238.03 

ALPHA 
(DEG) 

-.95 
2.42 

5.78 
9.15 

12.51 
15.88 
13.24 

22.61 
25.97 
29.34 
32.71 
36.07 

39.44 
42.80 
4S.17 
49.53 

FAILURE SURFACB (* 6 SPECIFIED BY 17 COORDINATE POINTS 

SAFETY FACTOR = 1 . 6 4 5 

X-CENTER 
Y-CENTER 
RADIUS <• 

POINT 
NO. 

1 
2 

3 
4 

5 
S 
7 

8 
9 

10 
11 
12 
13 

333. 
323 

60.SS 

X-SURF 

322.14 
327.01 

331.96 
336.95 
341.95 
346.93 
351.84 

355.66 
361.36 

355,90 
370.25 
374.39 

376.28 

25 
44 

Y-SURF 

269.57 
268.84 

268.12 
367.81 
267.91 

268.42 
269.34 
270-65 
272-37 

274.46 
276.92 
279.73 
282.88 

ALPHA 
(DEG) 

-13,04 

-8,32 
-3.59 
1,13 

5.36 
10.58 

15.31 
20.03 
24.76 
29.48 
34.21 
3 8.93 
43 .66 



14 
15 
16 
17 

381 
3 85 
388 
390 

.85 

.22 

.22 

.85 

286 

290 
294 
298 

.33 
,07 
,06 
,24 

43 
53. 
57 

.38 

.11 

.83 

FAILURE SURFACE # 7 SPECIFIED BY 17 COORDINATE POINTS 

SAFETY FACTOR 

X-CEMTER 
Y-CENTER 

RADIUS => 

POINT 
NO, 

1 
2 
3 
4 
5 

6 
7 

8 
9 

IC 

11 
12 
13 
14 
15 
16 
17 

330. 
334. 

66.38 

X-S-JRF 

320.00 
324.96 
329.95 
334.95 

339.93 
344.85 
349.70 
354.44 
359.05 
363.50 
367.76 

371.81 
375.64 
379.21 
382.50 
385.51 

386.26 

98 
46 

Y-SURF 

269.00 
268.36 
268.09 
268,20 
268.63 
269.55 
270.78 
272.37 

274.31 
276.69 
279.21 
282.13 
235.35 
288.86 
292.61 
296.61 
297.7 9 

ALPHA 
(DEG) 

-7.36 
-3.05 
1.27 

5.59 
9.31 

14.22 
18.54 
22.86 
27.17 
31.49 
35.81 
40.12 
44.44 
43.76 
53.08 
57.39 

FAILURE SURFACE # 8 SPECIFIED BY 17 COORDINATE POINTS 

SAFETY FACTOR = 1.549 

X-CENTER 
Y-CEI-JTER 

RADIUS = 

POINT 
NO. 

1 
2 

3 
4 
5 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

338. 
321, 

00 
23 

54.21 

X-SURF 

321.43 
326.26 
331.18 
336.17 
341.17 
346.14 
351.04 
355.83 
360.47 

364.92 
369.14 
373.10 
376.76 
380.08 
383.05 
335.64 
386.84 

Y-SURF 

259.61 
268.31 
267.4S 

367.05 
257.11 

267.63 
268.61 
270.04 
271.90 

274.18 
276.86 
279.92 
283.33 
287.06 
291.08 
295.36 
297.84 

ALPHA 
(DEG) 

-15.15 
-9.67 
-4.58 

.71 

5.99 
11.28 
IS.56 
21.85 
27.14 

32.43 
37.71 
43.00 
48.28 
53.57 

53.86 
64.14 

FAILURE SURFACE # 9 SPECIFIED BY 18 COORDINATE POINTS 



SAFETY FACTOR 1 . 6 4 9 

X-CENTER . 3 3 2 . 3 4 
Y-CENTER = 3 5 2 . 1 8 
RADIUS . 6 3 . 2 9 

)INT 
NO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
IS 
17 

13 

X-SURF 

321.43 
326.40 
331.40 

336.40 
341.38 
346.33 

351.24 
356.07 
360.82 
365.46 
363.99 
374.38 
378.62 
382.69 
366.58 
390.27 
393.76 
396.21 

Y-SURF 

269.51 

269.11 
263 .90 
269,00 
263.33 

270.03 
271,07 
272,35 
273.92 
275.77 
277.89 
280.29 
282.94 
265.34 
288,98 
292.35 
295.93 
293.78 

ALPHA 

(DEG) 

-5,81 
-2,37 

1,07 
4.51 
7.95 

li.39 

14.83 
16.27 
21.72 
25.16 
28.50 
32.04 
35.48 
3 6.92 
42.36 
45.80 
49.24 

FAILLTiE SURFACE SlO SPECIFIED BY 17 COORDINATE POINT'S 

SAFETY FACTOR « 1.6SE 

X-CENTER 
Y-CENTER 
RADIUS ~ 

POINT 
NO. 

1 
2 
3 
4 

5 
6 
7 

3 
9 

10 
11 
12 
13 
14 
15 
IS 
17 

339 
325 

57.4S 

X-SORF 

323.57 
328.43 
333.38 
338.37 
343.37 

348.34 
353.24 
358.03 
362.59 
367.17 
371.44 
37S.47 
379.22 
362.63 
385.80 

388.58 
369.67 

42 
93 

Y-SURF 

270.69 
269.52 
268.78 
268.47 
268.53 

259,15 
270,14 
271,55 
273.33 
275.60 
273.20 
281.16 
284.46 
288.03 
291.98 
296.14 
298.13 

ALPHA 

(DEG) 

-13.52 
-3.53 
-3.55 
1.44 

6.43 
11.41 
15.40 

21.33 
26.37 

31.35 
36.34 

41.33 
46.31 
51.30 
56,28 
61.27 
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CELL 6/LT/SEISMIC/SOUTH/WASTE +20' 
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LO 

lO 

in ^ 
X 
< 
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250C5URFACES HAVE BEEN GENERATED 
10 MOST CRITICAL OF SURFACES GENERATED 
MINIMUM FACTOR OF S/^ETf = 1.1 11 

0. 70. 140. 210. 280. 350. 

X~AXIS 
420. 490. 560. 



--SLOPE STABILITY ANALYSIS--
SIMPLIFIED JANBU METHOD OF SLICES 

IRREGULAR FAILURE SURFACES 

PROBLEM DESCRIPTION CELL 6,/LT/SEISMIC/SOUTH/WASTE +20' 

BOUNDARY COOHDI.̂ JATE3 

9 TOP BOLINDARIES 
38 TOTAI BOUNDARIES 

BOUITOARY 
NO. 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

28 
29 
30 

31 
32 
33 
34 

35 
36 
37 

38 

X-LEFT 

.00 
211.50 
217.50 
237.50 
310.00 

320.20 
379.40 
381,40 
384.40 
320.20 

324.70 
377.10 
362.00 
323.90 
324.70 

328.10 
332.70 
339,00 
3 39.00 
385.80 
332.70 
391.50 
323.90 
391.10 
211.50 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
,00 
.00 

Y-LEFT 

238.00 
238.00 
240.00 
240.00 
269.00 
269.00 
298.60 
293.60 
297,60 
269.00 
269.00 
295.20 
295,30 

266.70 
259.00 
268.50 
257.00 
257.00 
257.00 
251.40 
267,00 
247,40 
266,70 
244.30 
233.00 
236.00 

234.00 
230.00 
224.00 
220.00 
211,00 
190.00 
187.00 
178.00 
175.00 
172.00 
168.00 
157.00 

X-RIGHT 

211.50 
217.50 
337.50 
310.00 
320.20 
379.40 
381.40 
384 .40 
560.00 
324.70 
377.10 
382.00 
560.00 
324.70 
328.10 

332.70 
339.00 
382.00 
385.80 
560.00 
391.50 
560,00 
391.10 
560.00 
560.00 
560.00 

560.00 
560.00 
560.00 
560.00 
560.00 
560.00 
560.00 
560.00 
560.00 
560.00 
560.00 
560.00 

Y-RIGHT 

238.00 
240.00 
240.00 
269.00 
269.00 
298.50 
258.50 
297.60 
315.16 
269.00 
295.20 

295.30 
313.16 
269.00 
268.50 
267.00 
267.00 
295.30 
251.40 
251.40 
247.40 
247.40 
244.30 
244.30 
238.00 

236.00 
234.00 
230.00 
224.00 

220.00 
211.00 
190.00 
187,00 
178.00 
175.00 

172.00 
168,00 

157,00 

SOIL TYPE 
BELOW BND 

5 
3 
3 
3 
3 

1 
1 
1 
1 

3 
2 

2 
4 

2 
2 
2 
1 
4 
1 
1 
2 
2 
3 
3 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
IS 
17 
18 

ISOTROPIC SCT PARAMETERS 

18 TYPSISJ OF SOIL 

SOIL 
TYPE 
NO. 

TOTAL 
LTJIT WT. 

SATURATED 
UNIT vrr. 

COHESION 
INTERCEPT 

FRICTION PORE 

ANGLE PRESSURE 
(DSG) PARAMETER 

PRESSURE 
CONSTANT 

PlEZOt'lETRIC 
SURFACE 

NO. 



1 
2 
3 
4 
5 
6 
7 
6 
9 

10 
1 1 
12 
13 
14 
15 
16 
17 
18 

120,0 
110.0 
130 ,0 
120.0 
130.0 
120.0 
110 .0 
110.0 
110 .0 
110 .0 
110.0 
110.0 
110 .0 
110.0 
110 .0 
110 .0 
110 .0 
110 .0 

120,0 
110.0 
130.0 
120,0 
130 ,0 
120.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110,0 

100.0 
270.0 
400 .0 
ICO.O 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 

28.0 
28.0 
32,0 
25.0 
30.0 
30 .0 
30 .0 
27 .0 
30 .0 
27 .0 
30 .0 
27.0 
30.0 
27.0 
30.0 
27.0 
30.0 
27 .0 

. 0 0 

. 00 

. 0 0 

. 00 
. 0 0 
. 00 
. 0 0 
. 00 
. 0 0 
. 0 0 
. 00 
-00 
. 0 0 
, 0 0 
. 0 0 
. 0 0 
.CO 
. 0 0 

. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
.0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
, 0 

1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 PIEZOMETRIC SL'RFACE (S) HAVE BEEN SPECIFIED 

UNITWEIGHT OF WATER = 62.40 

PIEZOMBTRIC SL'HPACE NO. 1 SPECIFIED BY 2 COORDINATE POINTS 

POINT 
NO. 

1 
2 

X-WATER 

. 0 0 
5 6 0 , 0 0 

Y-WATER 

2 3 4 . 0 0 
2 3 4 . 0 0 

A HORIZONTAL EARTHQUAKE LOADING COEFFICIENT 
OP .180 HAS BEEN ASSIGNED 

A VERTICAL EAHT-HQUAKE LOADING COEFFICIENT 
OF .000 H.AS BEEN ASSIGNED 

CAVITATION PRESSURE .0 

A CRITICAL FAILURE SURFACE SEARCHING METHOD, USING A RANDOM 
TECHNIQUE FOR GENERATING CIRCULAR SURFACES, HAS BEEN SPECIFIED. 

2 50 0 TRIAL SURFACES HAVE BEEN GENERATED. 

50 SURFACES INITIATE FROM E.ACH OF 50 POINTS EQUALLY SPACED 
ALONG I t iS G.ROUND SURFACE BETWEEN X = 300-00 

AND X = 335.00 

EACH SURFACE TERMINATES BETWEEN X - 370.00 
AND X - 420.00 

UNLESS FURTHER LIMITATIONS WERE IMPOSED, THE MINIMUM ELEV.ATION 
AT WHICH A SURFACE EXTENDS IS Y =150.00 



5.00 FT. LINE SEGMENTS DEFINE EACH TRIAL FAILURE SURFACB. 

FOLLOWING AP.E DISPLAYED TF.E TEN MOST CRITICAL OF THE TRIAL 
FAILURE SURFACES EXAMINED. THEY ARE ORDERED - MOST CRITICAL 
FIRST. 

SAFETY FACTORS ARE CALCULATED 3Y THE MODIFIED BISHOP METKOD. 

FAILURE SURFACE H 1 SPECIFIED BY 17 COORDINATE POINTS 

SAFETY FACTOR = 1.111 

X-CENTER 
Y-CENTER 
RADIUS 1= 

POINT 
NO. 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

329 
351 

82,34 

X-SURF 

321.43 
326.42 

331.42 
336.41 
341.36 
346.30 

351.15 
355.93 
360.61 
365.17 

369.SO 
373.8S 
373.00 
331.94 
365.66 
329.22 
3.92 . 04 

23 
59 

Y-SURP 

259.61 
269.29 
269.27 
269.56 
270.14 
271.03 

272-22 
273.69 
275,46 

277.50 
279,82 
282.40 
285-24 
268.32 
231-64 
235.17 

2 98.3 6 

ALPHA 
(DEG) 

-3.70 
-.22 
3.26 

6.74 
10.22 

13.70 
17.18 
20.66 
24.14 
27.62 
31.10 
34.58 
38.06 
41.54 
45.02 
48.50 

SLICE 
NO. 

1 
2 
3 
4 
5 
6 
7 

3 
9 

10 

11 
12 

13 
14 
15 
16 
17 
18 
19 
20 

323 
325 
328 
333 
33B 
343 
345 
348 

353 
358 
362 
367 
371 

375 
377 

378 

330 
361 
381 
383 

X 

.42 
92 
92 
91 
89 
03 
49 
73 
54 
27 

89 

39 
74 
49 
55 
70 

40 
67 
57 

20 

DX DW 

3 
1 
5 
4 
4 

3 
1 
4 
4 
4 

4 
4 
4 
3 

1 
2 

2 

.99 
00 
00 
99 
97 
31 
61 
86 
78 
68 
56 
43 

28 
22 
90 
40 
00 
54 
06 
4 0 

537 

302 
2354 

• 3649 
4751 
3704 
1949 
6414 
6962 
7271 
7346 

7200 

6843 
4959 
1352 
2062 
2735 
670 
74 

2455 

.99 
55 
.62 
52 
84 
01 
97 
66 
27 

13 
90 
61 
31 

86 
75 
48 
21 
41 
63 
19 

DQ 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

DU DN DSr 

00 
00 
00 
00 
00 
00 
00 
00 
00 
00 

00 
00 
00 
00 
00 

00 
00 
00 
00 
00 

580 
329 

2363 
3490 
4392 
3329 
1817 
5890 
6327 

6562 
6606 

6470 

6165 
4484 
1221 
1877 

2480 
604 
67 

2214 

.26 
15 
51 
99 
85 
21 
34 
27 

43 
60 

86 
60 

69 
60 
73 

43 
05 
54 
83 
56 

637 
402 

2345 
2885 
3316 
2409 

909 
2921 

3105 
3203 
3222 

3165 
3037 

2233 
611 
947 

1269 
31S 
35 

1217 

.00 
07 

72 
18 
71 

as 
98 
62 

06 
83 
32 

14 
19 
26 

16 
67 

25 
23 
92 
80 



21 
22 
23 
24 

385 
387 

3S9 
391 

04 
45 
63 
04 

1 . 2 8 1 0 1 3 . 4 2 
3 . 5 3 1 9 0 8 . 0 7 

.82 245 .72 
2 . 0 0 2 4 5 . 5 2 

FAILURE SURFACE # 2 SPECIFIED BY 18 COORDINATE POINTS 

SAFETY FA'CTOR = 1 . 1 1 2 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

887.55 
1583.9S 
1S3.65 
42.53 

526.42 
1114.60 
181.53 
291.55 

X-CENTER 
Y-CENTER 
PJUDIUS = 

POINT 

NO. 

1 
2 
3 
4 
5 
S 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

IB 

332 
3S2 

34 
18 

83.29 

X-SURF 

321.43 
325.40 
331.40 
336.40 
341.38 
346.33 
351,24 
356.07 

3S0.82 
365.4S 
369.99 
374.38 
3'78,62 
362.59 
386.58 
390.27 
333.76 
395.21 

Y-BURS' 

269.61 
259.11 
268.90 
259.00 
269.33 

270.08 
271.07 
272.3S 
273.92 
275.77 

277.89 
280.29 
232,94 
285.84 
238-96 
292.35 
295-93 
296.78 

ALFKA 
(DEG) 

-5.81 
-2.37 

1.07 
4.51 
7.95 

11.39 
14.83 
18.37 

21.72 
25.16 
26.50 
32.04 
35.48 
38.92 

42.35 
45.SO 
49.24 

FAILURE SURFACE )i 3 SPECIFIED BY 17 COORDINATE POINTS 

SAFETY FACTOR 1.114 

X-CENTER 
Y-CENTER 
RADIUS ~ 

POINT 
NO. 

1 
2 
3 
4 
5 
6 
7 

3 
9 

10 
11 
12 
13 
14 
15 

16 
17 

331. 
336. 

67,97 

X-SURF 

321.43 
326.40 
331.39 
336.39 
341.36 
346.28 
351.12 
355.86 
360.46 
364.91 
369.17 
373.24 

377.08 
330.67 
334.00 

387.05 
387.35 

55 
81 

Y-SURP 

269.61 
259.05 
258.84 
269.01 

2S9.54 
270.44 
271.63 
273.30 
275.25 
277.53 
230.14 
283.05 
286.25 
289.73 
293.46 
297.43 
297.90 

ALPHA 

(DEG) 

-6.54 
-2.32 
1.89 
6.11 

10.32 
14.54 
18.75 
22.97 
27.19 
31.40 
35.62 

39.83 
44.05 
48.26 
52.48 

56.69 

FAILURE SURFACE # 4 SPECIFIED BY 17 COORDINATE POINTS 

SAFETY FACTOR = 1.129 



X-CENTER = 325 
Y-CENTEF 

RADIUS = 

POINT 
NO. 

1 
2 
3 
4 

5 
6 
7 

8 

3 
10 

11 
12 

13 
14 
15 
16 
17 

354 

34 

66 
65.13 

X-SURF 

321.43 
326.43 
331.42 
336.40 
341.34 
346.22 

351.03 
355.75 
360.36 
3S4.86 
369.22 
373.42 
377.46 
361.33 
384.99 
383.46 
388.90 

Y-SURP 

259.61 
269.53 

269.74 
270.25 
271.04 
272.12 
273.43 

275.14 
277.06 

279.25 
281.70 
284.40 
287.35 

290.52 
293.92 
297.53 
298.05 

ALPHA 
(DES) 

-.95 
2.42 
5.78 
9.15 

12.51 
15.88 
19,24 
22.61 
25.97 

29.34 
32.71 
36,07 
39.44 
42.80 
46.17 

49.53 

FAILURE SURFACE # 5 SPECIFIED BY 16 COORDINATE POINTS 

SAFETY FACTOR = 1.12 9 

X-CENTER 
Y~ CENTER 
RADIUS -

POINT 
NO. 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 

15 
16 

336 
327 

58.51 

X-SURF 

322,86 
327,77 

332.74 
337.74 

342.73 
347.67 

352.53 
357.28 
361.87 
366.27 
370.46 
374.40 
378.06 
361.42 
384.44 

387.00 

42 
25 

Y-SURP 

270.33 
269.38 
2S8.8S 
2S8.7S 
269.08 
269.83 
271.00 

272.58 
274.56 
276.93 
279.66 
282.74 
286.14 
289.65 
233.83 

2 97.3 5 

ALPHA 
(DEG) 

-10.95 
-6.05 
-1.16 
3.74 
3.64 

13.54 

18.44 
23.33 
28.23 
33.13 
38.03 
42.93 
47.32 
52.72 
57.62 

FAILURE SURFACE # 6 SPECIFIED BY 16 COORDINATE POINTS 

SAFETY FACTOR . 1.133 

X-CHNTER 

Y-CSNTER 
RADIUS = 

POIOT 
NO. 

1 
2 
3 
4 

334 
330 

60.41 

X-SURF 

323,37 
338,53 
333,52 
333.52 

18 
16 

Y-SURF 

270.69 

270.01 
269.75 
269.90 

ALPHA 

(DSG) 

-7.74 
-3.00 

1.75 
6.49 



5 
6 
n 

3 
9 

10 
11 
12 
13 
14 
15 
16 

343.49 

348.39 
3 53.20 
3S7.87 

362.39 
366.71 

370.81 

3 74.65 
373.22 

381.49 
364.44 
385.06 

270.47 
271.44 
272.82 
2-74. 53 
276.74 
279.25 

282,12 
265,31 
283.81 
292.60 
296.64 
297.67 

11.23 
IS.98 
20.72 
25.47 
30.21 

34.95 
3 9.70 
44.44 
49.18 
53.33 
53.67 

FAILURE SURFACE # 7 SPECIFIED BY 20 COORDINATE POINTS 

SAFETY FACTOR = 1 . 1 3 4 

X-CKNTER = 3 3 1 . 5 9 

Y-CEKTER » 3 7 3 . 7 4 
RADIUS - 1 0 5 , 0 5 

POINT 
NO. 

1 
2 
3 
4 
5 
6 
7 

5 
9 

10 
11 
12 

13 
14 
15 
IS 
17 

18 
19 
20 

X-SURF 

33C.72 

323.70 
330.70 
33S.70 
340.63 
343.66 
350.59 
355.49 

360.33 
365.10 

363.60 
374.42 
373.53 
363.34 

387.63 
391.80 
395.82 
399.71 
403.43 
406.15 

Y-SURF 

269.26 
258.66 
258.70 
266.77 
269.09 
269.64 
270.43 

271.45 
272 .70 
274.18 
275.89 
277,32 
279,37 
282.33 
264,69 
287,66 
290.62 
293.77 
337.10 
299.78 

ALPHA 
(DEG) 

-4.58 
-1.8S 

,88 
3.61 
S.33 
9.06 

11.79 

14.51 
17.24 
19.97 

22.70 
25.42 
2 8.15 
30.88 

33.61 
36.33 
39.06 
41.79 
44.51 

FAILURE SURFACE # 8 SPECIFIED BY 17 COORDINATE POINTS 

SAFETY FACTOR = 1 . 1 3 4 

X-CENTER 
Y-CENTER 
RADIUS = 

POINT 
NO, 

1 
2 

3 
4 
5 
6 
7 

8 
9 

10 
11 
12 

338 
326 

60.SE 

X-SURF 

322.14 
327.01 
331.96 
336,95 
341,95 
346.93 
351.84 
356.66 
361.36 

365.90 
370.25 
374.39 

25 
44 

Y-SURF 

269.97 

268.34 
268.12 
267,31 
267,91 
268.42 
269,34 
270.66 
272.37 

274.46 
276,92 
279,73 

ALPHA 
(DEG) 

-13.04 
-8.32 
-3.59 
1.13 
S.8S 

10.56 
15.31 
20.03 
24.76 

29.48 
34.21 
38.93 



13 
14 

15 
IS 
17 

378 
381 
385 

388 
390 

28 
89 
23 
22 

SS 

282 
286 

290 
294 
238 

88 
33 
07 

06 
24 

43 
46 
53 
5 7 

66 
38 
11 
83 

FAILURE SURFACE # 9 SPECIFIED BY 20 COORDINATE POINTS 

SAFETY FACTOR 1 . 1 3 9 

X-CENTER » 330 
Y-CENTER 

RADIUS " 

POINT 
NO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 . 

12 
13 
14 
IS 
16 
17 

18 
19 
20 

382 

S3 
40 

113.15 

X-SU-RF 

321.43 
326.42 

331.42 
336.42 

341.40 
346.37 

351.30 
356.20 
361.04 

365.83 
370.54 
375.18 
379.73 
384 16 
338.53 
392.76 
396.38 
400.86 
404.71 

408.02 

Y-SURF 

269.61 
269.32 
269.25 
269.40 
269.77 
270.3S 
271.17 

272.20 
273.44 
274.90 
276.56 

278.43 
280.50 
282.78 

285.25 
287.90 
290.74 
293.75 
295.96 
299.35 

ALPHA 
(DSG) 

-3.35 
-.81 
1.72 
4.25 
6.78 
9.32 

11,85 
14.38 
16.91 
19.44 
21.98 

24.51 
27.04 
29.57 
32.10 
34.64 
37,17 
39.70 
42.23 

FAILURE SURFACE #10 SPECIFIED BY 18 COORDINATE POI.MTS 

SAFETY FACTOR = 1 . 1 3 9 

X-CENTER 
Y-CBNTER 
RADIUS = 

POINT 
NO. 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
13 
13 
14 
15 
IS 
17 
IB 

332 
340 

82 
56 

72.70 

X-SURF 

320.00 
324.95 
329.94 
334.94 
339.93 
344.88 
349.78 
354.60 
359.32 
363.91 
368.35 
372.63 
376.71 

380-59 
384.25 
587.66 
390.81 
3 91.96 

Y-SURF 

269.00 

258.29 
267.92 
267.89 
268.21 
258.87 

269.87 
271.20 

272.86 
274.84 
277.14 

279.73 
262.61 
285.76 
289.17 
292.83 
296.71 
298.36 

ALPHA 
(DEG) 

-8.18 
-4.24 

-.30 
3.64 
7.58 

11.52 
15.46 
19.40 
23.35 
27.29 
31.23 
35.17 

39.11 
43,05 
46 .93 
50.93 
54.87 



Y A X I S 

1 5 7 . 0 0 2 2 7 . 0 0 2 9 7 . 0 0 3 S 7 . 0 0 4 3 7 , 0 0 5 0 7 , 0 0 

X . 0 0 * - * * * * - - • * * • * - + + + ~ + 

70 .00 •!. 

1 4 0 . 0 0 •• 

X 2 1 0 . 0 0 + 

I 2 8 0 , 0 0 + 

S 3 5 0 , 0 0 -I-

4 2 0 , 0 0 + 

490 ,00 

1 4 , 
2 1 , . 
. 2 1 4 * 
. . 2 1 * 
. . , 7 1 
. . . . 7 . 

5 6 0 . 0 0 * * » * * * * * * * * 



Appendix B 

Landfill Cell 7 Stability Printouts 
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in 
X 
< 

1 1 
>-

CO 

lO 
C7> ~ 
lO 

od 
•:— 
ro 

IO 

C-NI 

(X) 
to -
r~ 

^n -

CELL 7/LT/STATlC/WASTE +20 

250C5URFACES HAVE BEEN GENERATED 
10 MOST CRITICAL OF SURFACES GENERATED 
MINIMUM FACTOR OF S.AFEPî  - 1.977 

0, 75. 150. 225. 300. 375. 

X-AXIS 
450. •525. 600. 



- -SLOPE STABILITY ANALYSIS--
SIMPLIFIED JANBU METHOD OF SLICES 

IRREGULAR FAILURE SURFACES 

PROBLEM DESCRIPTION CELL 7/LT/ETATIC/WASTE •i-20 

BOUNDARY COORCIHATES 

9 TOP BOUNDARIES 
3 9 TOTAL BOUNDARIES 

BOUNDARY 
NO. 

1 
2 

3 
4 
5 
6 
7 

8 

9 
10 

11 
12 

13 
14 
IS 
16 

17 
18 
13 
20 
21 
22 

23 
24 
25 
26 
27 

23 
29 
30 
31 
32 
33 
34 
35 
36 
37 

38 
39 

X-LEFT 

.00 
230.00 
300.00 
310.50 
312.50 

365.90 
373.10 
375.10 
378.10 
312.50 

319.70 
32'^.20 
333.60 
378.50 
333.60 
395.30 

327.20 
395.00 
310.50 
230.00 
394,50 

.00 
-00 
.00 
.00 
-00 
00 
,00 

.00 
,00 
-00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Y-LEFT 

23 9,00 
235.00 
2S7.C0 
267.00 
267.00 

233.70 
297.30 
297,30 
296,30 

267,00 

267.00 
264.50 

264.50 
295.00 
264.50 
244.00 
264.50 
242.00 
267,00 
239,00 
239.00 
236.00 
234.00 
230.00 
220.00 
218.00 
208.00 
197.00 
131,00 
165.00 
175.00 
lo9.00 

155.00 
153.00 
149.00 
140.00 
119.00 
104.00 
93.00 

X-RIGHT 

230.00 
300.00 
310.50 
312.50 
365.30 
373.10 
375.10 
378.10 
600.00 
319.70 
327.20 
333.60 

376.50 
600.00 
395.30 
600.00 
395.00 
600.00 
394.50 
334.50 
600.00 
600.00 
600.00 
600.00 
600.00 

600.00 
600.00 
600.00 
600.00 
600.00 
600.00 
600,00 
600.00 
600.00 
600.00 
600,00 
600,00 
600,00 
600,00 

Y-RIGHT 

239,00 
267.00 
267.00 
267.00 
293.70 
297.30 

297.30 
236.30 
318.50 
267.00 

264.50 
264.SO 
295.00 
316.50 
244.00 
244.00 
242.00 
242.00 
239.00 
239.00 
239.00 
236.00 
234.00 
230.00 
220.00 
218.00 
208.00 
197.00 

191.00 
185.00 

175.00 
169.00 

165.00 
153.00 

149.00 
140.00 
119.00 
104.00 
93.00 

SOIL TYPE 
BELOW BZ-JD 

5 
3 
3 
2 
2 
1 
1 
1 
1 

2 

a 
1 
4 
4 
1 
1 
2 
2 
3 
5 
5 
6 
7 

8 
7 

8 
7 

8 
7 

8 
7 

6 
7 

8 
7 
8 
7 

8 
7 

ISOT.ROPIC SOIL PARAMETERS 

8 TVPE(S) OF SOIL 

SOIL TOTAL 
TYPE UNIT WT, 
NO. 

SATURATED COHESION FRICTION PORE PRESSUP3 PIEZOMETRIC 
UNIT WT. INTERCEPT ANGLE PRESSURE C0N9T.ANT SURFACE 

(DSG) PARAMETER NO. 



1 
2 
3 
4 
5 
6 
7 
6 

1 2 0 . 0 
1 1 0 . 0 
1 3 0 . 0 
1 2 0 . 0 
1 3 0 - 0 
1 2 0 , 0 
1 1 0 , 0 
1 1 0 , 0 

1 2 0 . 0 
1 1 0 . 0 
1 3 0 . 0 
1 2 0 . 0 
1 3 0 . 0 
1 2 0 . 0 
1 1 0 . 0 
1 1 0 . 0 

1 0 0 . 0 
2 7 0 , 0 
4 0 0 . 0 
1 0 0 , 0 
2 0 0 . 0 
2 0 0 . 0 
2 0 0 . 0 
2 0 0 . 0 

2 8 . 0 
2 8 . 0 
3 4 . 0 
2 5 . 0 
3 0 . 0 
3 0 . 0 
3 0 . 0 
2 7 . 0 

. 00 

. 00 
, 0 0 
. 0 0 
. 0 0 
. 00 
. 00 
. 0 0 

.0 

.0 
.0 
.0 
. 0 
.0 
.0 
.0 

1 
1 
1 
1 
1 
1 
1 
1 

1 PIEZCMETRIC SURFACE(S) HAVE BEEN SPECIFIED 

UNITWEIGHT OF WATER = 62.40 

PIEZOMETRIC SURFACE NO, 1 SPECIFIED BY 2 COORDINATE POIfJTS 

>OINT 
NO, 

1 
2 

X-WATER 

. 0 0 
5 0 0 . 0 0 

Y-WATER 

2 3 4 , 0 0 
2 3 4 . 0 0 

A CRITICAL FAILLTIE SURFACE SEWiCHING METHOD, USING A RANDOM 
TECHNIQUE FOR GENERATING CIRCULAR SURFACES, HAS BEEN SPECIFIED. 

2500 TRIAL SURFACES .HAVE BEEN GENERATED. 

50 SURFACES INITIATE FROM EACH OF 50 POINTS EQUALLY SPACED 
ALONG THE GROUND SURFACE BETWEEN X = .00 

AND X » 230.00 

EACH SURFACE TERMINATES BETWEEN X = 3 0 0 . 0 0 
Alio X = 6 0 0 . 0 0 

UNLESS FURTHER LIMITATIONS WERE IMPOSED, THE MINIMUM ELEVATION 
AT WHICH A SURFACE EXTENDS IS Y = .00 

12.00 FT. LINE SEGMENTS DEFINE EACH TRIAL FAILURE SURFACE 

FOLLOWING ARE DISPLAYED THE TEN MOST CRITICAL OF THB TRIAL 
FAILURE SURFACES gXA!'4INED. THEY ARE ORDERED - MOST CRITICAL 
FIRST. 

SAFETY FACTORS ARE CALCULATED BY THE MODIFIED BISHOP MSTHOD. 

FAILUP.S SURFACE # 1 SPECIFIED BY 24 COORDINATE POINTS 

SAFETY FACTOR - 1.977. 

X-CENTER = 272.70 
Y-CEHTER = 364.49 
RADIUS =. 154.21 

POINT X-SUP.F Y-SURF ALPHA 



NO. (DEG) 

1 
2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

13 
14 
15 
16 
17 

18 
13 
20 
21 
22 
23 
24 

18 3.06 
193.09 
203.60 

214.53 
225.81 
237.38 
249.16 
261.08 
273.07 
285.06 
296.97 

303.74 

320.29 
331,55 
342.46 
352.94 
362.94 

372.39 
381.24 
389.43 
396.91 
403.64 
409.58 
412.54 

239.00 
232.41 
226.S2 
221.66 
217,57 
214,37 

212 ,08 
210,71 
210,27 
210.77 

212.15 
214,54 
217.60 
221,94 
226,95 
232.79 

239.43 
346.82 

254.93 
263.70 
273.08 
283.02 

293.45 
299.75 

-33.31 
-28.65 
-24.39 

-19.93 
-15,47 
-11.01 

-6.55 
-2.09 
3.37 
6,63 

11.29 
15.75 
20.20 

24,66 
29.12 
33.58 
38.04 
42.50 
46.96 
51.42 
55.88 
60.34 
64.80 

SLICE 

NO. 

1 
2 

3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

18 
19 
20 
21 
23 
23 
24 

25 
26 
27 

28 
29 
30 
31 
32 
33 
34 
35 
36 

X 

185.34 

189.15 
191,83 
195.28 
200.53 
209.07 

216.82 
231.88 
225.22 
227.91 
233.69 
243.27 
255.12 
267.07 

279,06 
291.02 
298,49 
304.37 

309.62 
311.50 
316.10 
320.00 
320.55 
323.56 
326.74 
329.38 
332.53 
338.03 
345.19 

350,44 
353,35 
356,27 

360,03 
36 2,6 2 
364.42 

368.94 

DX DW DQ DU DSr 

4 
3 
2 
4 
6 
10 
4 
5 
1 
4 
7 

11 
11 

11 
11 
11 
3 
6 
1 
2 
7 

5 

4 
2 
8 
5 
5 

1 
3. 
4. 

2 
6 

.57 
-04 
.42 
37 
.14 
.93 
.59 
.52 
.18 
.19 
38 

78 
92 
99 
99 
91 
03 
74 
76 
00 
20 
59 
55 
43 
33 
35 
05 
BS 
47 

01 
82 
01 
52 
55 
96 
08 

890 
1552 
1736 
4100 
7705 

18736 

9538 
12575 
2839 
10475 
21158 
42462 

52724 
61683 
G9110 
74825 
19843 
5S375 
11224 
12636 
456S3 
3790 
3511 

35004 
5994 

28267 

13346 
58071 
36030 
32904 
11922 

19586. 
28351 
4091 

18549. 
37308. 

.24 
,21 
02 

.94 
,34 
,58 
.51 
,31 
,55 
.31 

93 
79 

00 

68 
45 
19 
S6 
00 
34 

25 
27 
26 
36 
02 

19 
35 

05 
52 
68 
43 
27 

55 

ao 
64 
71 

70 

00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 

CO 
00 

CO 
00 
00 
00 
00 
00 

00 
00 

00 
00 
00 

143 
871 

2437 

7381 
4011 
5491 
1266 
4612 
eS86 

15555 

16926 
17603 

17S81 
1S852 
4141 

11308 
2X90 
2422 
8114 
S24 
585 

5420 
852 

3721 
1628 
5S24 
2159 
932 
82 

.00 

.00 
64 
.08 
.43 
.76 

IQ 
.43 
.16 
.45 
3 2 
50 

44 
2S 
85 
3S 
09 
03 
01 

14 
33 
25 
76 
26 
44 
44 

70 
68 
30 
00 
44 
00 

00 
00 
00 
00 

1767 

2597 
2630 
4 873 
7310 

15559 
6965 
9059 
1985 
6668 

14302 

29415 
37390 
44585 
50994 

56605 
15247 
44233 
8781 
9925 

36471 
3072 
2862 

28590 
5021 

23954 
11581 
51734 

33869 
31316 
11794 

19483 
23803 

3919 
18121 
36426 

.52 
,93 
95 
-25 
,12 
,44 
,06 
,59 
,77 

.35 
70 

23 
51 
91 
36 
59 
33 
70 
76 
28 
14 
97 

65 
92 
76 
88 
93 
60 
54 
66 
9S 

52 
17 

51 
07 

75 

1068 
1126 
1061 
1928 
2721 
5223 
2268 
3238 
538 

2209 
4459 
8794 

10849 
12703 
14355 
15801 
4241 

123C0 
2447 

2763 
10155 

854 
796 

8934 
1394 

6642 
3212 

14333 
9351 
9724 

3S65 
6 056 
8959 
14 93 
6942 

13989 

.69 
,S9 

12 
20 
29 
.49 
.58 
.88 
.33 
.S3 
97 
11 
34 
59 
04 
05 
39 
65 
SS 
19 
3 3 

04 
68 

38 
02 
33 
S3 
45 
91 

62 
24 
72 
20 

94 
73 
10 



37 

38 

39 
40 
41 

42 
43 
44 
45 
46 
47 

43 
49 
50 

372.13 
372.74 

373,82 
374.82 
375,66 

377,16 
378.30 
379.37 

385.33 
393.17 
400,27 

406.61 
410,70 
412,19 

,41 
.71 

1.44 
.56 

1.12 
1.8B 
.40 

2.74 
8.19 
7.48 
6.73 
5.94 
2.25 
.71 

2434.73 

4250-11 
8457.01 
3268-01 
6375.75 

10226.30 
2115.76 

14043.70 
37057.35 
26413.42 
16532.32 
7781.77 

1006.59 
51.38 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.OC 

.00 

.00 

.oc 

.00 

.oc 

.00 

2508.53 

4528.15 
9007.54 
3527,33 
6881,52 

11308,79 
2339,11 

15528,75 
42330.06 
32104.40 
21199.03 
10366.58 
1195.81 
-22.44 

745.04 
1349.47 
2608.20 
987.42 

1927.65 
279S.81 

S79.10 
3849.99 

10708,01 
8178.46 
5S06.S2 
3051.78 
549.76 
76.40 

FAILURE SURFACE « 2 SPECIFIED BY 23 COORDINATE POINTS 

SAFETY FACTOR - 1 . 9 8 2 

X-CENTER 
Y-CENTER 
RADIUS = 

POINT 

NO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

14 
15 
16 
17 
18 
19 
20 
21 
22 

23 

274 
359 

39 
95 

146,78 

XrEURF 

167.76 
197.79 
208-31 
219.27 
230.59 
242.19 

254,00 
265.94 
277.94 
289.92 
301.79 
313.49 

324.93 
336.04 
346.73 
356.99 
366.70 
375.50 
384.24 
391.97 
398.94 

405.09 
410.34 

Y-SURP 

23 9.00 
232.41 
226.65 
221.76 
217.77 
214.70 
212,58 
211,41 

211.22 
211.99 
213,72 
216.40 

220.02 
224.55 
229.95 
236.21 
243.27 

251.09 
259.62 
268.80 
278.57 
268.87 

299.53 

ALPIiA 

(DBG) 

-33.30 
-28.68 
-24.06 
-19.43 
-14.81 

-10,19 
-5.57 

-,94 
3.58 
6.30 

12.92 
17,55 
22.17 

26.79 
31.41 
35-04 

40.66 
45.28 

49.91 
54.53 
59.15 
63.77 

FAILURE SURF.ACE ff 3 SPECIFIED BY 24 COORDINATE POINTS 

SAFETY FACTOR 1 . 9 S S 

X-CEKTER = 2 5 9 . 3 1 
Y-CENTER = 3 7 5 . 7 2 
RADIUS = 1 6 1 . 5 9 

POINT 
NO. 

1 
2 

3 
4 

5 
6 
7 

X-SURF 

173.67 

164.06 

194.86 
206,02 
217.47 
229.16 
241.02 

Y-SURF 

239.00 
232.99 

227.76 
223.35 
219.77 
217.05 
215.23 

ALPHA 
(DEG) 

-30.08 
-25.83 
-21.57 

-17.32 

-13.06 
-8.80 
-4.55 



8 
9 

10 
11 
12 
13 
14 
15 

16 
17 
18 
19 

20 
21 
23 
23 
24 

252.99 
264.99 

276.96 
288.83 
300.55 
312,04 

323,25. 
334,10 
344,54 
354.52 
363.98 
372.86 
381.11 
386.70 
395.58 
401.71 
401.84 

214 

214 
215 
216 
219 
222 
227 

232 
23S 
244 
252 
260 
263 
273 
28S 
258 
298 

,27 

.21 
04 
76 
35 
31 
10 
22 
13 
80 
IS 
26 
97 

26 
10 
41 
67 

-
3 

S 
12 
16 
20 
25 
29 
33 
33 
42 
46 
50 

55 
59 
63 

.29 

.96 
22 
48 
73 
93 
24 
50 
75 
01 
27 

52 
78 

03 
29 
55 

FAILLTIE SURFACE tf 4 SPECIFIED BY 22 COORDIN.ATS POINTS 

SAFETY FACTOR 

X-CENTER 
Y-CENTER 
RADIUS -

POINT 
NO. 

1 

2 
3 
4 
5 
6 
7 

3 
9 

10 
11 
12 
13 
14 
15 

15 
17 

13 
19 

20 
21 

22 

258 
347 

135.53 

X-SURF 

167.76 
197.70 
208.21 
319.13 
230.54 

242.20 
254.06 
256.04 
276.04 
289.96 
301.71 
313.20 
324.34 
335.04 

345.22 
354.80 
363.70 
371.66 
379.20 
335.66 
391.23 
394.31 

45 
83 

Y-SURF 

239,00 
232,29 
226.48 

221.63 
217,77 

214.92 
213.12 
212.38 
212.69 
214.07 

216.50 
219.96 
224.42 
229.84 
236.20 
243.43 
251.47 
260.28 
269.77 
279,87 

290.51 
297.92 

ALPIiA 
(DEG) 

-34.01 
-28.93 
-23.86 

-18.7S 
-13.71 
-8.63 
-3.SS 
1.52 
6.59 

11.67 
16.74 
21.82 
25.89 
31.97 
37.04 
42.12 
47.19 
52.27 

57.34 
62.42 
67.49 

PAILUP.E SURFACE # 5 SPECIFIED BY 36 COORDINATE POINTS 

SAFETY FACTOR = 1.991 

X-CENTER 
Y-CBNTER 

RADIUS = 

POINT 
NO. 

1 • 

2 
3 
4 
5 

257 
398 

167.11 

X-SU.RF 

159.59 
170.02 

130.81 
191 .31 
203.28 

36 
53 

Y-SURF 

239.00 

233.06 
227.80 
223.25 
219.41 

ALPHA 
(DEG) 

-29.67 
-25.99 
-22.31 
-18.64 
-14.96 



6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

18 
19 
20 
21 
22 

23 
24 
25 
26 

214.87 
326.64 

238.53 
350.50 
252.50 
274.48 
266,39 
298.18 

309.80 
321.21 

332.35 
343.18 
353.67 

363.75 
373.4C 
332.57 
391.22 

399.33 
406.85 
413.76 
416.40 

216.31 
213.96 
212.37 

211.55 
211.49 
212.21 

213.69 
215.93 
218.92 
222,65 
227,11 
332.26 
238.11 
244.61 

251.75 
259.49 
267.80 
276.65 
286.00 
295.81 
300.13 

-11.29 
-7.61 
-3.94 
- .26 
3.41 
7.09 

10.76 
14.44 

18.11 
21.79 

25.46 
2 9.14 
32.81 
36.49 

40.16 
43.64 
47.51 
51.19 
54.86 
58.54 

FAILURE SURFACE fl 6 SPECIFIED BY 2 5 COORDINATE POINTS 

SAFETY FACTOR 1.993 

X-CENTER " 2 77.06 
Y-CENTER = 3 66.2 2 
RADIUS = 174 .67 

POINT 
NO. 

2 

2 
3 
4 

5 
5 
7 

6 
9 

10 
11 
12 
13 
14 
15 
16 
17 

18 
19 
20 
21 
22 
23 
24 

25 

X-SURF 

183.06 
193.39 
204.12 

215.19 
226.55 
238.15 
249.93 

261.64 
373.33 
285.83 

297.78 
309.64 

321.35 
332.84 

344.08 
354.99 
365.54 
375.67 

365.34 
394.49 
403.10 
411.10 

418.48 
425.18 

429.70 

Y-SURF 

233.00 
232.89 
227.51 
222.63 
219.01 
215-94 
213.67 

212.22 
211.53 
211.77 
212.78 
214.S2 
217.26 
220.70 
224.92 

229.90 
235.62 
242.05 
249.16 
256.92 
265.29 
274.23 
283,S9 
293.64 

301.46 

ALPHA 
(DEG) 

-30.59 
-26.65 
-22.71 

-18.78 
-14.84 

-10.90 
-6.97 
-3.03 

.91 
4.84 
8.78 

12.72 
16.66 
20.59 
24.53 
28.47 
32.40 
36.34 

40.28 
44.21 

48.15 
52.09 
56.02 
59.96 

FAILURE SURFACE # 7 SPECIFIED 3Y 23 COORDINATE POINTS 

SAFETY FACTOR = 1.995 

X-CENTER 
Y-CENTER 
RADIUS = 

POINT 

272.98 
371.05 

154.66 

X-SURF Y-SURF ALPHA 



KO. (DEG) 

1 
2 
3 
4 

5 
E 
7 
8 
9 

10 

11 
12 
13 
14 

15 
16 
17 

18 
19 
20 
21 
22 
23 

192 
202 
213 
225 

236 
248 
260 
272 
284 
296 
303 

319 
330 
341 

352 
362 
371 
330 
389 
396 
403 
409 
410 

.45 

.S3 
-83 
09 

63 

40 
31 

30 
29 

22 
00 
53 
67 
B2 
35 
40 
91 

83 
10 
67 

SO 
54 
05. 

233.00 
233,15 
228.14 
223.98 
220.71 

218.35 
216.90 
216.38 
216.80 
218,14 
220.40 
223.57 

227.63 

232.55 
233.30 
244 ,86 
252,17 
260,20 
268,89 
278.20 
288.07 

298.44 
299.50 

-29.15 
-24.71 
-20.26 

-15.81 
-11.37 

-5.92 
-2.47 
1.97 

6.43 
10.87 
15.31 
19.76 
24.21 
28.65 
33.10 
37.55 
41,99 
46.44 
50.89 
55.33 
59.78 
64.23 

FAILURE SURFACE ff 8 SPECIFIED BY 27 COORDINATE POINTS 

SAFETY FACTOR =• 2.0 00 

X-CENTBR 
Y-CENTER 
RADIUS = 

POINT 
NO. 

1 
2 
3 
4 
5 
S 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

18 

13 
20 
21 
22 

23 
24 
25 
26 
27 

258 
411 

200.6S 

X-SLTRF 

154.90 

165.36 
176.16 
187,25 
198.60 
210.16 
221,89 
233.7S 
245.70 
257.69 
263.69 
281.64 
293.51 
305.26 
316.84 
328.20 

339.32 
350.15 
360.65 
370.78 

380.52 
389.81 

398.63 
406.96 

414,75 
421.98 
426.09 

28 
02 

Y-SURF 

239.00 

233.13 
227.89 
223.31 
219.40 
215 .18 
213.SS 
211.83 
210.72 
210.33 
210.65 
211.69 
213.44 

215,90 
219.05 

222.90 
227.42 
232,59 
238,40 

244.83 
251.85 

259.44 
267,57 

276.22 
285,34 
294,92 
301,10 

ALPHA 
(DEG) 

-29.29 

-25.86 
-22.44 

-19.01 
-15,53 
-12.16 
-8.73 

-5.31 
-1.88 
1.55 
4.97 
8.40 

11.83 
15.25 
18.68 
22.10 
25.53 
28.96 
32.38 

35.81 
39.24 

42.66 
46.09 
49.52 
52.94 
55.37 

FAILURE SURF-ACE ff 9 SPECIFIED BY 25 COORDINATE POINTS 

SAFETY FACTOR = 2.001 



X-CENT ER = 257. 
Y-CEKTER •= 405. 
RADIUS 

POINT 
NO. 

1 
2 

3 
4 
5 
6 
7 

8 
9 

IC 
11 
12 
13 

14 
15 
16 
17 

le 
19 
2C 

21 
22 
23 
24 

25 

191.1£ 

X-SURF 

164.29 
174.94 
135.93 
197.19 
208.69 
220.39 
232.23 
244.17 

256.16 
268.15 
280.11 
291.97 

303.70 
315.25 
326.56 
337.61 
348.34 
358.71 

368.68 
378.22 
387.27 
395.82 
403.82. 
411.24 
416.55 

.42 

S2 
j 

Y-SURF 

239.00 
233.49 
223.65 
224,51 
221.09 
218.40 
216.45 
215.24 
214.7B 

215.08 
216.13 
217.93 
220.47 

223.74 
227.72 
232.41 
237.79 
243,83 
250.50 
257,73 
265.66 
274.03 
283.03 
292.46 

300.15 

ALPHA 

(DEG) 

-27.36 
-23.76 
-20.16 
-16.57 
-12.37 

-3.37 
-S.77 
-2,18 
1.42 
5.02 
8.62 

13.21 
15.81 
19.41 
23.01 
26.60 
30.20 

33.80 
37.40 
40.99 
44.59 
48.19 
51.79 
55.39 

FAILURE SUF.FACE tflO SPECIFIED BY 2 1 COORDINATE POINTS 

SAFETY FACTOR = 2 . C 0 3 

X-CENTER 
Y-CENTER 
RADIUS = 

272.39 
349.97 

134.35 

POINT 
NO. 

X-SURF Y-SL'RF ALPHA 
(DEG) 

5 
6 

8 
9 

10 
11 
12 
13 
14 
IS 
16 
17 
18 
IS 
20 
21 

197.14 
207.35 
218.07 
229.24 
240.75 
252,52 
264.45 
276.45 
268.42 
300.26 
311.89 
323.20 
334.12 
344.55 
354.40 
363.60 
372.08 
379.77 
385,51 
392.54 
396.78 

239,00 
232.68 
227.30 
222.90 
219.51 
217.17 
315.83 
215.56 
216.52 
218.43 
221.40 
225.39 
230.36 
236,32 
243.17 
250.67 
259.3S 
268.57 
278,43 
268.67 
298.17 

- 3 1 . 7 6 
- 2 5 . 6 4 
- 2 1 . 5 2 
-16 .40 
- 1 1 . 2 8 

- 6 . 1 6 
- 1 . 0 4 

4 . 0 8 
9,20 

14 .32 
19 .44 
24 .56 
29 .67 
3 4 . 7 9 
3 9 . 9 1 
4 5 . 0 3 
50 .15 
55 .27 
60 .39 
5 5 . 5 1 
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DO 
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< 

00 
to 

250C5URFACE5 HAVE BEEN GENERATED 
10 MOST CRITICAL OF SURFACES GENERATED 
MINIMUM FACTOR OF S.AFETY = 1.199 

0. 75. 150. 225. 300. 

X-AXIS 
375, 450, 525. 500. 



--SLOPE STABILITY ANALYSIS--
SIMPLIFIED JANBU METHOD OF SLICES 

IRREGULAR FAILURE SURFACES 

PROBLEM DESCRIPTION CELL 7/LT/SEISMIC/WASTE -t-20 

BOUNDARY COORDINATES 

3 TCP BOUNDARIES 
3 9 TOTAL BOUNDARIES 

lUKDARY 

KO. 

1 
2 
3 
4 
5 
6 
7 

a 
3 

10 
11 
12 
13 
14 
15 
16 
17 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
35 
37 

38 
39 

X-LEFT 

.00 
230.00 

300.00 
31.0.50 
312.50 
365.90 
373,10 
375,10 
378,10 
312,50 
319,70 
327,20 
333.60 
373.50 
333.60 

3SS.30 
327.20 
395.00 
310.50 
230.00 
394.50 

.00 

.00 

.00 

. 0 0 

.00 

.00 

.00 
00 
.00 
.00 
.00 
.00 
. 0 0 
.00 
,00 

-00 
.00 
.00 

Y-LEFT-

239.00 
239.00 
267.00 
257.00 
267.00 
233.70 

237.30 
297.30 
296.30 
267.00 
267.00 
264.50 
264.50 
235.00 
264.50 
24 4.00 
264.50 
242.00 

267.00 
239.00 
239.00 
236,00 
234.00 
230,00 
220.00 
218.00 
208.00 
197.00 
151.00 
185.00 
175.00 
169.00 
165.00 
353.00 

149.00 
140.00 

113.00 
104.00 
93.00 

X-RIGHT 

230.00 
300.00 
310,50 
312.50 
365.90 
373.10 
375.10 
378.10 
600.00 
319.70 
327.20 
333.60 
373.50 
500.00 
395.30 
600.00 
395.00 
600.00 

394.50 
394.50 
600.00 
600.00 
600.00 
600.00 
600,00 
600,00 
600.00 
600.00 
600.00 
600.00 
600.00 

600.00 
600.00 
600.00 
600.00 

600.00 
600,00 
600.00 

600.00 

Y-RIGHT 

239.00 
267.00 
267.00 
267.00 
293.70 
297.30 

297.30 
296.30 
318.50 

267.00 
264.50 
254.50 
295.00 
316.50 
244.00 
244.00 
242 .00 

242.00 
239.00 
239.00 
239.00 

235.00 
234.00 
230.00 
220.00 
218.00 
208.00 
197.00 

191.00 
185.00 
175.00 
169.00 
165.00 
153.00 
149.00 
14C.00 
119.00 
104.00 
93.00 

SOIL TYPE 
BELOW BND 

5 
3 
3 
2 
3 
1 
1 
1 

1 
2 
2 

1 
4 
4 
1 
1 

2 

2 
3 
5 
5 
6 
7 

8 
7 

8 
7 

6 
7 
8 
7 

8 
7 

8 
7 

8 
7 

8 
7 

ISOTROPIC SOIL PAJiAMETERS 

9 TYPE(S) OF SOIL 

SOIL TOTAL 
TYPE IWIT WT. 
NO. 

SATURATED COHESION FRICTION PORE PRESSURE ?IHZOMETRIC 
UNIT WT. INTERCEPT ANGLE PRESSURE CCNSTAJSTT SURFACE 

(DSG) PARAMETER NC. 



1 
2 
3 
4 
5 
6 
7 

8 

120.0 
110.0 
130.0 
120.0 
130.0 
120.0 
110.0 
110.0 

120.0 
110.0 
130,0 
120 . 0 
130.0 
130.0 
110.0 
110.0 

100.0 

270.0 
400.0 
100.0 
200.0 
200.0 
200.0 
20C.0 

28.0 
28.0 

34.0 
25.0 
30.0 
30.0 
30.0 

27.0 

.00 

.00 

.00 
,00 
,00 
.00 
.00 
.00 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

2̂  

1 
1 
1 
1 
1 
1 

1 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 

UNITWEIGHT OF WATER = S2.4 0 

PIEZOMETRIC SURFACE NO, 1 SPECIFIED BY 2 COORDINATE POINTS 

POINT 
NO. 

1 
2 

X-WATER 

.00 

SCO.00 

Y-WATSR 

234.00 
234.00 

A HORIZONTAL EARTHQUAKE LOADING COEFFICIENT 
OF .180 HAS BEEN ASSIGNED 

A VERTICAL EARTHQUAKE LOADING COEFFICIENT 
OF .000 HAS BEEN ASSIGNED 

CA-VTTATION PRESSURE = .0 

A CRITICAL FAILU-RE SURFACE SEARCHING METHOD, USING A RANDOM 
TECHNIQUE FOR GENERATING CIRCULAR SURFACES, HAS BEEN SPECIFIED. 

2500 TRI.AL SURFACES HÂ /E BEEN GENERATED. 

50 SURFACES INITIATE FROM EACH OF SO POINTS EQUALLY SPACED 
ALONG THE GROUND SURFACE BETWEEN X => .00 

AND X = 230.00 

EACH SURFACE TERMINATES BETWEEN X - 300.00 
AHD X = 600.00 

UNLESS FURTHER LIMITATIONS WERE IMPOSED, THE MINIMUJ4 ELEVATION 
AT WHICH A SURFACE EXTENDS IS Y » .00 

12.00 FT. LINE SEGME.S'TS DEFINE EAaJ TRIAL FAILURE SURFACE. 

FOLLOWING .ARE DISPLAYED THE TEN MOST CRITICAL OP THE "TRIAL 
FAILURE SURFACES SXAHINS'D, THEY ARB ORDERED - MOST CRITICAL 
FIRST. 

SAFETY FACTORS ARE CALCLTJ^TED BY TKE MODIFIED BISHOP METHOD. 



FAILURE SURFACE fi 1 SPECIFIED BY 29 COORDINATE POINTS 

SAFETY FACTOR 1 . 1 9 9 

X-CENTER = 253 
Y-CENTER =• 429 
RADIUS 

POINT 
NO. 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
15 
17 

IB 
19 
20 
21 
22 
23 
24 
25 
26 
27 

28 
29 

45 
24 

220.22 

X-SURP 

140.82 
151.23 
162.07 

173.12 
184.41 
195.90 
207.57 
219.37 

231.27 

243.24 
255.23 
267.23 
279.18 
291.05 
302.82 
314.43 
325.87 
337.09 
348.06 
358.75 

369.13 
379.17 

388.83 
396.C9 
40S.92 

415.30 
423.15 
430.53 
433.70 

Y-StrRF 

239.00 
233.15 
227.37 
223.19 
219.12 
215-67 

212.85 
210.S7 

209.14 

208.25 
203.03 
206.45 
209,53 
211,25 
213.62 
216,63 
220,27 
224,52 
229,38 
234,83 
240,85 
247.43 
254,55 
262,18 
270.30 
278.90 
287.94 
297.39 
301.66 

ALPHA 
(DEG) 

-29.20 
-26.08 
-22.95 
-19.83 
-16.71 

-13.59 
-10.46 
-7.34 

-4.22 

-1.10 
2.03 
5.15 
8.27 

11.39 
14.52 
17.64 
20.76 
23,88 
27.01 
30.13 
33.35 
36.37 
39.50 
43.62 
45.74 
46.66 
51.99 

55.11 

SLICE 
NO. 

1 
2 
3 
4 

5 
6 
7 

6 
9 

10 
11 
12 
13 
14 

15 
16 
17 

18 

19 
20 

14 3 
147 
150 

154 
159 
167 
177 

183 
186 
192 
201 
213 
224 
230 
237 

249 
261 

273 
235 
255 

X 

.50 

.97 

.53 

-51 
.90 
60 
54 

19 
27 
02 
73 
47 
6B 
63 
25 
33 
33 

20 
12 
53 

5 
3 
1 

6 
4 

11 
8 
2 

3 
7 

11 
11 
10 
1 

11 
12 

11 
11 
11 
8 

DX 

.37 

.58 
-S3 

43 
.35 
.03 

85 
44 
73 

75 
66 
80 
63 
27 
97 
00 

99 
95 
88 
35 

1046 
1825 
1034 

5765 
5164 

17255 
17647 

5413 

8636 
19547 
32675 
36301 
34767 
4297 

45362 
53687 
6101S 

67261 
72357 

57624 

DK 

.76 

.13 

.73 

.85 

.34 
31 
22 
69 
33 
83 

7S 
52 
69 
41 

68 
55 
31 
51 

33 
69 

DQ 

.00 

.00 

,00 
.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
,00 
.00 
.00 

.00 

.CO 

46 

1083 
1530 
6341 
72B0 
2337 

3752 

8661 
14731 
16652 
16065 
1977 

18947 

19363 
19291 
13729 

17679 
12442 

DU 

.00 

.00 

.66 
86 

.65 
62 
47 

53 
73 

25 
14 
56 
60 

09 
36 
89 
06 
12 
65 
12 

2425 
3383 

1781 
7745 

5826 
16153 
14225 
4324 
6443 

13906 
21530 
22390 

20354 
2521 

27550 
34S53 

41074 
46831 
51938 
42402 

DN 

22 
78 

39 
19 
28 
14 
83 
70 
08 
83 
82 
27 
76 
40 
13 

80 
59 
15 
29 
44 

DSr 

3193.89 
2313.56 

1150.02 
4333.99 

3284.31 
3867.37 

7615.44 
2515.55 

3752.76 
7263.68 

11153.00 
11513.28 
10439.84 
1284.95 

13711.32 
16730.53 

19459,50 
21906.16 
24076,79 

19544.59 



21 
22 
23 
24 
25 
25 
27 

28 
29 
30 
31 
32 

33 
34 
35 
36 
37 

33 
39 
40 
41 
42 
43 
44 

45 
45 
47 

43 
49 
SO 
51 
52 
53 
54 
55 

301,41 

306,66 
311.50 
313.47 
316.53 
319.22 
322.36 
325.45 
325.53 
330.40 
335.34 
342.59 
348.67 

353.21 
357,34 

359.TS 
363.34 

355-92 
367.54 
371.12 
374.10 
375.45 

37S.95 
378,30 
3-'8.74 

379.08 
380.07 

384.90 
393.46 

402.51 
411.11 
419.24 
426.89 
431.58 
433.14 

2,82 
7,68 

2.00 
1.93 
4.31 

.96 
5.33 
.84 

1,33 
6.40 
3.43 

10,97 
1.22 
7.85 
1.62 
3.02 
5.13 
.04 

3,19 
3 ,97 

2.00 
.71 

2.29 
.40 
.49 

.13 
1.30 
7.86 

9.25 
6.83 
8.37 
7.89 

7.39 
1.99 
1.13 

18425.47 
49192.16 
12514.98 
12065.73 
27036.18 
6073.56 

33933.75 
5376.73 
8542.38 

41306.53 
22736.92 
72395.09 
8107.85 

52293.84 

10835.43 
13445.26 
33846.00 

233.33 

21053.39 
25842.87 

12737.23 
4432.21 

13381,07 
2371,25 
2686,81 
1053,81 

10433.77 

42736.16 
43363.13 
34438.81 

25135.03 
16102.76 
7553.01 

676.86 
101.36 

.00 

.00 

.00 

.00 

.00 

,00 
,00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
,00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

3703.71 
9599.67 
2337.06 
2195.49 
4704,36 
996.46 

5161.50 
761,85 

1197.42 
5131,75 
2361,71 
5279.32 
367.93 

1099,36 
,00 
.00 
.00 
.00 
.00 
,00 
,00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

13812.56 
36813.95 
94S0.31 
9 1 7 2 . 4 3 

20682.79 
4616,38 

26128.51 
4258.00 
6759.12 

33252.70 
18704.44 
61445.21 
7081.36 

45647.09 
9640-31 

11973.87 
30136.10 

254.07 
17811.83 
21816.44 
10744.19 
3735.82 

12546.08 
2141.97 
2607.39 
966.24 

9710,60 
40791.20 
42417.77 
33786.10 
24995.98 
16142.97 
7334.16 
492.09 
-35.53 

5349.89 
16373.39 
4365.49 
4231.63 
9544.51 
2391.34 

13516.45 
1956,53 
3110,24 

1S274,96 
8372,40 

28117,43 
3238.14 

23453.09 
4945.89 
6156.17 

15502.26 
130,65 

11252.15 
13857.72 
6843.08 
2385.58 
6180.97 
1057. 
128S. 
446.40 

4493.89 
15530.65 
17500.23 
14142.77 
10723.67 

7280.12 
3353.75 
432.02 
148.36 

74 

.13 

FAILURE SURFACE ff 2 SPECIFIED BY 31 COORDINATE POINTS 

SAFETY FACTOR 1.203 

X-CENTER = 251.06 
Y-CENTER = 467.11 
RADIUS = 257.57 

POINT 
NO. 

1 
2 
3 
4 

5 
6 
7 
8 

9 
10 
11 
12 
13 
14 

IS 
16 
17 
18 
19 
20 
21 

X - SURF 

131.43 
143.18 
153.17 
154.38 
175.77 

187.32 
199.02 
210.82 
222.71 
334.67 

246.66 
258.65 
270,64 
232.58 
294,46 
306.23 

317.89 
329.40 
340.75 
351.90 
362.83 

Y-SURF 

239.00 
233.68 
228.86 

224.56 
220.73 

217.54 
214.35 
212.70 
211.10 
210.06 
209.57 

209.65 

210.23 
211.47 
213.22 
215.51 
218.36 
221.74 
225,65 

230,09 
235.05 

ALPHA 
(DEQ) 

-26.34 
-23.67 
-21.00 
-18.33 
-15.66 

-12.99 
-10.32 
-7.55 

-4.98 
-2.31 

.36 
3.03 
5.70 
8.37 

11.03 

13.70 
16.37 

19.04 
21.71 
24.38 
27.05 



22 
23 
24 
25 
26 
27 
23 
29 
30 

31 

373 
383 
394 
403 
413 
422 
431 

439 
447 
449 

.51 
93 
07 
85 
3E 
52 

25 
66 
63 

91 

240 
24S 
252 
259 
267 

274 
283 
291 

300 
303 

.51 
46 
88 
78 
12 
90 
09 
69 
66 
48 

29.72 
32.39 
35.06 

37.73 
40.40 
43.07 

45.74 
48.41 

51.08 

FAILURE StiKFACE ff 3 SPECIFIED BY 29 COORDINJiTEi POINTS 

SAFErf FACTOR 204 

X-CENT ER = 255 
Y-CENTER - 4 33 

RADIUS 

POINT 
NO. 

1 
2 
3 
4 

5 
6 
7 

8 

9 
10 

11 
12 
13 
14 
IS 
16 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

28 
29 

26 
44 

225.62 

-X-SUR? 

140,82 
151.32 
162.11 
173.17 
184.46 
19S.95 
207.61 
219.40 
231.29 
243.25 
255,25 
267.2£ 
279.21 
291.10 
302.85 
314.55 
326.04 

337.33 
348.39 
359.16 
369.68 
379.86 

389.69 
399.13 
408.17 
416.77 
424.92 
432.53 
438.86 

Y-SURF 

239.00 

233.19 
227.95 

223.25 
319.22 
215.76 
212.51 
210,69 
209,10 
208.14 
207.92 
208.14 
209.10 
210.69 

212.91 
215.75 

219,21 
223,28 
227.34 
233-13 

238,93 
245.35 
252.24 
259.65 
267.54 
27E.91 
284.72 
293.35 
302,39 

ALPHA 
(DEG) 

-23,96 
-25.91 
-22.86 
-19.81 
-16.76 
-13.72 
-10.67 
-7.62 
-4.57 
-1.53 
1.52 
4.57 
7.62 

10.67 

13.71 
16.76 
19.81 
22.86 
25.90 
28.95 
32.00 

35.05 
38.10 
41.14 
44.19 
47.24 
50.29 
53.33 

FAILURE SURFACE tf 4 SPECIFIED BY 27 COORDINATE POINTS 

SAFETY FACTOR = 1 . 2 0 6 

X-CEt-ITER 
Y-CENTER 
R-ADIUS = 

POINT 

NO. 

1 
2 

3 
4 
5 

2S8 
411 

200.69 

X-SURF 

154.90 
155.36 
176.16 
167.25 
198.60 

28 

02 

Y-SURF 

239.00 
233.13 
227.89 
223.31 
2 1 9 . C O 

ALPHA 
(DEG) 

-29.39 
-25.86 
-22,44 
-19.01 
-15.59 



6 
7 

8 
9 

10 
11 
12 

13 
14 
15 
16 
17 

18 

19 
20 
21 
22 
23 
24 
25 
26 
27 

210.16 
221.83 
233.75 
245.70 
257.63 
269.69 
281.64 

293.51 
305.26 
316.84 
328.2C 
339.32 
350.15 
360.65 

370.76 
380.52 

389.81 
398.63 
406.95 
414.75 
421.96 
426.09 

215.18 
213.55 
311.83 
210.72 
210.33 
210.65 
211.69 
313.44 
215.90 
219.05 
222.9C 
227.42 
232.53 
238.40 
244.63 

251.!?5 
259.44 
267.57 
27 5.22 
383.34 
294,92 
301.10 

-12.16 
-8.73 
-5.31 
-1.68 
1.55 
4.97 

8.40 
11.83 
15.25 
13.68 
22.10 

25.53 
28.96 
32.38 

35.81 
39,24 
42.66 
46.09 
49.52 
52,94 
5S.37 

FAILURE SURFACE ff 5 SPECIFIED BY 30 COORDIN.WE POINTS 

SAFETY FACTOR 1 , 2 0 9 

X-CENTER 
Y-CENTER 
RADIUS -

POINT 
KC. 

: 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 
12 
13 
14 
IS. 
16 
17 

IS 
19 
20 
21 
22 
23 
24 

25 
26 
27 

28 
39 
30 

261. 

468 
257.34 

X-SURF 

145.51 
156.34 

167.39 
176.66 
190.10 
201.70 
213.43 
235.26 
237.18 

249.14 
261.14 
273.14 

285.11 
297.03 
3C8.3a 
330,62 
332.24 
343,70 
354.99 
366.07 

376.93 
387.53 
397.36 
407.90 
417.62 

437.00 
436.02 
444.67 

452.91 
460.14 

87 

53 

Y-SURF 

239.00 
233.82 
229.16 
225.02 
221.40 
218.32 

215-79 
213.31 
212.38 
211.50 

211-19 
211.44 
312.24 
213.60 

215.52 
217.38 
221.00 
224.54 
228.62 
233.23 
238.34 
243.95 
250.06 
356.63 
253.67 

371.15 
279.07 

287.39 
296.11 
304.51 

ALPHA 
(DEG) 

-25.55 
-22.88 
-20.20 
-17.53 

-14.86 
-12.19 
-9.52 
-6.84 
-4.17 

-1.50 
1.17 
3.84 
6 ,52 
9.19 

11.66 
14.53 
17.20 
19.88 
22.55 
25.22 
27.89 
30.56 
33.24 
35.91 

38.56 

41.25 
43.92 
46.60 

49.27 

FAlLtTRE SURFACE tf 6 SPECIFIED BY 30 COORDINATE POINTS 



SAFETY FACTOR = 312 

X-CSNTSR = 237 
Y-CSNTER 
RADIUS -

POINT 
NO. 

1 
3 
3 
4 
5 
6 
7 
6 
9 . 

10 
11 
12 
13 
14 
IS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

1 = 445. 
,75 
99 

337.14 

X-SURF 

122.04 
132.66 
143.55 
154.68 
1S6.02 
177.55 
189.23 
201,03 
212.93 
224.89 
236.89 
245.83 
260.85 
272.76 
284.58 
295.28 

307.83 
313.20 
33C.37 

341.29 
351.35 
362.32 
372.37 
383.07 

591.40 
400.34 
403.87 
416.96 

424.59 
425.39 

Y-SURF 

23 9.,90 
233.41 
223.37 
223.98 

219.96 
216,62 
213.87 
211.71 
210.16 
209.20 
208.86 
209.12 
209.93 
211.45 
213.52 
216.19 
219-4.5 
223.28 
227.69 
232,65 
338.16 

244.20 
250.75 
257.82 
265.35 
273.37 

281.81 
290.68 
299.95 
301.03 

ALPHA 
(DEG) 

-27.75 
-24.86 
-21.96 
-19.06 

-16.16 
-13.26 
-10.36 
-7.46 
-4.56 
-1.66 
1.24 
4.14 

7.04 
9.94 

12.84 
15.74 
18.64 
21.54 
24.44 
27.34 
30.24 
33.14 
36.04 
38.94 
41.84 
44.74 
47.63 

50.53 
53.43 

FAILURE SURF.ACE tf 7 SPECIFIED BY 26 COORDINATE POINTS 

SAFETY FACTOR 1.213 

X-CENTER " 257,36 
Y-CENTER a 398.53 
RADIUS = 187,11 

POINT 
NO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
IS 
IS 
17 

X-SURF 

159.59 
170.02 
180.81 
191.91 
203.28 
214,B7 
226.64 
238.53 
250,50 
262,50 
274,48 
266.39 
298.18 

309.80 
321.21 
332.35 
343.18 

Y-SURF 

239.00 
233,06 
227.80 
223.25 
219.41 
216.31 
213.96 
212.37 
211.55 
211.49 
212.21 
213.59 
215.93 
218.92 

222.65 
227.11 
232.25 

AI.PKA 
(DEO) 

-29.67 
-25.99 

-22.31 
-18.54 
-14.96 
-11.29 
-7,61 
-3.94 
-.26 
3.41 

7.09 
10.76 
14 .44 
18.11 

21.79 
25,46 
29.14 



18 
19 
20 
21 

22 
23 
24 
35 
26 

3S3.67 
363.75 
373.40 
382.57 

391,22 
393.33 
406.85 
413.76 
416.40 

236,11 
344,61 
251.75 
259.49 
367,80 
276.S5 
236.00 
295.81 
300.13 

32 
35 
40 

43 
47 

51 
54. 

sa. 

. a i 

.49 

.16 

.34 

.51 

.19 

.86 

.54 

FAILURE SURFACE ff 8 SPECIFIED BY 36 COORDINATE POINTS 

SAFETY FACTO?. •.= 1.220 

X-CENTER = 24 9 
Y-CEKTER « 465 
RADIUS 

POINT 

NO. 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

18 
19 
2C 
21 
22 

23 
24 
25 
26 
27 

28 
29 
30 
31 

32 
33 
34 
35 
36 

.17 

.83 
272,27 

X-SURF 

98.57 

108.71 
119.13 
129.79 
140-69 
151.80 
163.10 

174.55 
186.18 

197.91 
209.74 
221.65 
233.51 
245.60 
257.60 
269.59 
381.53 
293.41 
305,21 
316,69 
328,45 
339.85 
351,07 

362.10 
372.90 
383.47 
393.77 

403.80 
413.52. 
422.33 
432.00 
44C.71 

449.05 
457.00 
464.55 
469.08 

Y-SURF 

339.00 
232.58 
226.62 
221.12 
216.10 
211.56 
207.52 
203.9S 
200-95 
198.43 
196.43 
194.95 
194.00 
193-58 
193.69 
194.33 
135.49 
197.18 
199.39 
202.12 
305.36 
209.10 
213.35 
218.08 
223.30 
228.99 
235.14 
241.73 
243.76 
256.22 

264.08 

373.33 
280.95 
289.34 
299.27 

305.40 

ALPHA 

(DEG) 

-32.32 
-29.79 
-27.27 

-24.74 
-22.22 
-19.69 
-17.17 

-14.64 
-12.11 
-9.59 
-7-06 
-4,54 
-2.01 

.51 
3.04 

5.56 
3.09 

13.61 
13.14 
15.67 

18.19 
20.73 
23.24 
25.77 

28.29 

30.82 
33.34 
35.87 
38.39 
40.92 
43.45 
45.97 

48.50 
51.02 
53,55 

FAILURE SURFACE # 9 SPECIFIED EY 33 COORDINATE POINTS 

SAFETY F.ACTOR = 1.221 

X-CENTER " 236.75 
Y-CEKTER = 512.66 
RADIUS - 3 02.45 

POINT X-SURF Y-SURF 
NO. 

ALPHA 
(DEG) 
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I 
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X8-6SX 
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<1X 
9X 
SX 
M 
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XX 
DX 
6 
3 
L 
9 
S 
V 
E 
Z 
X 



24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

366 
377 
387 
396 
408 
418 
428 
436 
447 

456 
464 
465 

.36 

.26 

.95 
44 
69 
73 
49 
OC 
23 
18 
82 
49 

236 
241 
247 

253 
259 

266 
273 
280 
288 

295 
304 
305 

91 
96 
41 
26 
48 
OS 
04 
36 
03 
03 
35 
04 

24 
27 
29 
31 
33 
3S 
37 
39 
41 
43 
46 

91 
.02 
13 
25 
36 
47 

59 
70 
81 
92 
04 

X 

93.00 ISa.OO 243.00 318.00 

.00 '•*-*--***-**'****-*** + -- + 

393.00 468.00 

75 .00 + 

A 150.00 + 

X 225.00 + 

I 300.00 + 

S 375.00 + 

450.CO + 

8 
8 

886 
8061 
8621 

80614 
86147 

6.61. 
3 .14 , 
6,1.. 
861. , 

8.12.. 
3.12.. 
8.12.. 
831. . 
8.1. . 
8.1. . 
B12. 
8.16 

316 
8.14 
8.16 

311. 
8.2316. 
*«2216. 

85211477 
8.2.114 
882231 

85S2 
8.5 

3 

525.00 + 

600.00 ** * *** ****** **** 



AGEC 
Midvale UT 5/n5206 

^ n f 

CELL 7/LT/STATIC/WASTE +20 

in 
X 
< 
1 

CO 
to 
-4-

rO 
CD 
ro 

fO 

ro 
CN 

00 
CO 

ro 

250CBURFACE5 HAVE BEEN GENERATED 
10 MOST CRITICAL OF SURFACES GENERATED 
MINIMUM FACTOR OF SAFETY = 1.636 

0. 150. 225. 300. 

X-AXIS 
375, 450. 525. 600. 



--SLOPE STABILITY ANALYSIS--
SIMPLIFIED JANBU MSTTHOD OF SLICES 

IRREGULAR FAILURE SURFACES 

PROBLEM DESCRIPTION CELL 7/LT/STATIC/WASTE •f20 

BOUNDARY COORDINATES 

9 TOP BOUNDARIES 
39 TOTAL BOUNDARIES 

BOUNDARY 
NO. 

1 
3 

3 
4 
5 
6 
7 
8 

9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

28 
29 
30 
31 
32 
33 
34 

35 
36 
37 
38 
39 

X-L3FT 

.00 
230.00 
300.00 
310,50 
312,50 
3S5.90 
373.10 
375.10 
376.10 
312.50 
319.70 

327.20 
333.60 
378.50 
333,60 
3 95.30 

327.20 
395,00 
310,50 
23C.0C 
394.50 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
,00 
.00 
.00 
.00 
.00 
.00 

Y-LEFT 

239.00 
239.00 
367.00 
267,00 
267.00 
2 93.70 
297.30 
257.30 
396.30 

267.00 
267.00 
264.50 
264.50 
395.00 
264.50 
244.00 
264.50 
242.00 
267.00 
239.00 
333.00 
236.00 
234.00 
23C .00 
220.00 
218.00 

20S.00 
197.00 
191.00 
135.00 
175.00 
169.00 
165.00 

153.00 
149.00 
140.00 
119.00 

104.00 
93.00 

X- RIGHT 

230.00 
300.00 
310.50 
312.50 
365.90 
373.10 
375.10 
378.10 
600.00 
319.70 
327.20 
333.60 
378.50 
600.00 

395.30 
600.00 
395.00 
600.00 
394.50 
394.50 
600.00 
600.00 
600.00 
600.00 
SOO.00 
600.00 
600.00 
600.00 
600.00 
600.00 
600.00 
600.00 
600.00 

600.00 
600.00 
600.00 
600.00 
600.00 
SOO,00 

Y-RIGHT 

239.00 
267.00 
267.00 
267.00 
293.70 
297.30 
297.30 
295.30 
318.50 
267.00 
264.50 
264.50 
293.00 
316.50 
244.00 
244.00 

242.00 
242.00 
239.00 
239.00 
239.00 
236.00 
234.00 
230.00 
220.00 
218.00 
208.00 
197.00 
191.00 
185.00 
17S.00 
159.00 
165.00 
153.00 
149,00 

140.00 
119.00 
104.DO 
93.00 

SOIL TYPE 
BELOW BND 

5 
3 
3 
2 
2 
1 
1 
1 

1 
2 
2 

1 
4 
4 

1 
1 
2 
2 
3 
5 
5 
6 
7 
3 
7 
8 
7 

8 
7 

6 
7 
6 
7 

8 
7 

8 
7 

8 
7 

ISOTROPIC SOIL P.A.RAMETBRS 

8 TYPE(S) OF SOIL 

SOIL 
TYPE 
NO. 

TOTAL 
UNIT WT. 

SATURATED 
UNIT WT. 

COHESION 
INTERCEPT 

PRICnON PORE 
ANGLE PRESSURE 
(DSG) FARAt4ETEH 

PRESSURE 
CONSTANT 

PIEZOMETRIC 
Sb-RFACE 

NO. 



1 
2 
3 
4 

5 
6 
7 

8 

120.0 

110.0 
130.0 
120.0 
130.0 

120.0 
110.0 
110.0 

120.0 
110,0 
130,0 
120,0 
130,0 
120.0 
110, C 
110,0 

100,0 
270.0 
400.0 
100.0 
200.0 
200.0 
200.0 
200.0 

28.0 
28.0 
34.0 
25.0 
30.0 
30.0 
30.0 

27.0 

.00 

.00 
. 0 0 
.00 

.00 

.00 

.00 

.00 

.0 

.0 

0 
.0 
.0 
.0 
.0 
.0 

1 
1 
1 
1 
1 
1 
1 
1 

1 PIEZOMETRIC SURFACE (S) HA\'E: BEEN SPECIFIED 

UNITWEIGHT OF WATSR = 62.40 

PIEZOMETRIC SURFACE NO. 1 SPECIFIED BY 2 COORDINATE POINTS 

POINT 
NO. 

1 
2 

X--rfATER 

.00 

600.00 

Y-WATER 

234.00 
234-00 

A CRITICAL FAILURE SURFACE SEARCHING HETHOD, USING A RANDOM 
TECHNIQUE FOR GENERATING CIRCULAR SURFACES, HAS BEEN SPECIFIED. 

3S00 T.'IIAL SURFACES JJAVS BEBtJ GENERATED. 

SO SURFACES INITI.1VTE FROM EACH OF 50 POINTS EQU.ALLY SPACED 
ALONG THE GROUND SURFACE BETWEEN X =• 280.00 

AND X « 320.00 

EACH SURFACE TERMINATES BETWEEN X » 350.00 
AND X = 400.00 

UNLESS FURTHER LIHITATI0N.5 WERE IMPOSED, THE MINIMUM ELEVATION 
AT WHICH A SURFACE EXTEJ^S IS Y = .00 

5-00 FT, LINE SEGMENTS DEFINE EACH TRIAL FAILURE SL'RFACE. 

FOLLOWING ARE DISPL.AYBD THE TEN MOST CRITICAL OF THE TRIAL 
FAILURE SURFACES EXAMINED. THEY ARE ORDERED - MOST CRITICAL 
FIRST. 

SAFETY FACTORS ARE CALCULATED BY THE MODIFIED BISHOP METHOD. 

FAILURE SURFACE # 1 SPECIFIED BY 17 COORDINATE POINTS 

SAFETY FACTOR = 1.636 

X-CENTER = 
Y-CEl'JTER = 
RADIUS = 

323.73 
333.03 

67.10 



POINT 
NO. 

1 
3 

3 
4 
5 
S 
7 

a 
9 

10 
11 
12 
13 
14 
15 
16 
17 

X-SURF 

311.64 
315,73 

321,78 
326,78 
331,76 
336.70 
341.S6 
345.33 
35 3.97 

355.46 
359.78 
363.99 
367.78 

371.43 
374.81 

377.31 
379.93 

Y-SURF 

267,00 
266.30 
265.97 

266.01 
266,42 
267.20 

263.35 
269.86 

271.72 
273.92 

27S.45 
279.29 
282.43 
285.95 
289.53 
293.46 
296.49 

ALPHA 
(DEG) 

-8.07 
-3.60 

.47 

4.74 
9.01 

13.28 
17.55 
21.82 
26.09 
30.35 
34.63 
3 3.91 
43.18 
47.45 
51.72 
55.99 

SLICE 
NO. 

1 
2 
3 
4 
S 

s 
7 

8 
3 

10 
11 
12 
13 
14 
15 
16 
17 

16 

19 
20 
21 
22 
23 
24 
25 
26 

X 

312.17 
314.64 
318.24 
320.74 
322.23 

324.78 
323.37 
334.23 
337.37 

335.61 
343,35 
348.65 
353.22 
357.62 
361.33 
364.9C 
356.34 
369-60 
3 72.26 
373.35 
374.35 
376.50 
378.00 
378.30 
376.74 
379.47 

DX 

.56 
4.29 
2.91 
2.08 

1.00 
4.00 
4.93 
4.94 

1.35 
3.51 
4,77 
4.64 

4.49 
4.31 
4,11 

2.01 
1.86 
3.65 
1.67 
1.71 

.29 
2,61 
,19 
.40 
.48 
.97 

DW 

3.43 
693.17 

1176.09 
1161.03 
650.72 

3144.74 
5026.08 
6003.50 
1797.42 

4940.91 
7256.22 
7476.92 

7406.85 
7066.24 
6464.29 

3009.70 
2823.30 
4994.36 

2030.S6 
1784.52 
264.37 

1736.09 
63.21 

109.49 

96.37 
78.13 

DQ 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
-00 
.00 

.00 

.00 

.00 

.00 

.00 
,00 
.00 

.00 

.00 

.00 

DU 

,00 
.00 
.00 
.00 
.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

DN 

20.07 
840.19 

1237.41 
1212.59 
647.66 

3131.09 
4844.33 
5656.12 

1564.90 
4707,34 
6892.44 

7119.11 
7105.77 

6864,24 

5407,39 
3039.67 

2852.54 
5177.15 

2165.89 
1885.11 
286.82 

1800.88 
57.50 
92.07 
66.47 

-11.83 

DSr 

117.08 
937.76 
384.00 
737.56 

375.51 
1677.93 
2399,79 
2653.64 
770.65 

1562.60 
2270.33 
2334.94 
2331.14 

2262.29 
2132.23 
1024.27 
960.94 

1781.36 
769.50 
691.87 
110.42 
790.32 
37.46 
69,95 
71,40 

102,24 

FAILURE SURFACE # 2 SPECIFIED BY 18 C00RDI2JATE POINTS 

SAFETY FACTOR = 1 . 6 4 3 

X-CENTER 
Y-CENTER 
RADIUS = 

POINT 
NO. 

1 
2 

3 
4 

327. 

326. 

61.45 

X-SURF 

311.02 
315.88 
32C.82 
325.60 

96 
07 

Y-SLT^F 

267,00 
265.82 
265.04 
264.6S 

ALPHA 
(DEG) 

-13.67 

-9.01 
-4,34 

.32 



5 
5 
7 

a 
9 

10 
1 1 
12 
13 
14 
IS 
IS 
17 

18 

330,60 
33S,75 
340,71 

34S,5S 

350,29 
354,37 

359,27 

363,46 
367,43 
371,12 
374,54 
277,64 
380.42 
381.37 

264 

265 
265 
2S7 

268 
270 
273 

275 
278 
262 
285 
289 
294 
296 

58 
12 

96 
19 
82 
82 

19 
91 
96 
33 
99 
30 
06 
68 

4 

9 
14 

18 
23 
23 
32 
37 

42 
45 
31 
56 
60 

93 
64 
31 
97 

S3 
30 
96 
62 

28 
95 
61 
27 
94 

FAILL'RE SURFACE # 3 SPECIFIED BY 18 COORDINATE POINTS 

SAFETY FACTOR = 1,64 3 

X-CENTER = 328.45 
Y-CENTER = 326.85 
RADIUS = 64.04 

POINT 
NO. 

1 
2 
3 
4 
5 

o 
7 
8 

9 
10 

XI 
12 
1.3 
14 
15 

i $ 
17 

X8 

X-SURF 

311.84 
315,71 
321,66 
325.5= 
331.SS 
336.63 
341.SS 
346.41 

351.15 
355.75 

360.19 
364.43 
368.45 
372.23 
37S.75 
376.97 
381.89 
383.30 

Y-SURF 

267.CO 
265.69 
265.17 

264.33 
264 .89 
265.33 
266.17 
267.38 
263.37 

270.32 

273.23 
275.87 

276.84 
282.12 
285,67 

383.50 
293.56 
296.86 

ALPHA 
(DEG) 

-12.80 
-8.32 
-3.85 

.63 
5.10 
9.58 

14.05 
13.53 
23.00 
2 7.47 

31.95 
36.42 
40.90 
45.37 
49.85 
54.32 
58.79 

FAIlLiURE SURFACE # 4 SPECIFIED EY 17 COORDINATE POINTS 

SAFETY FACTOR - 1.645 

X-CENTER 
Y-CSKTER 

RADIUS •» 

POIKT 

NC. 

1 
2 
3 
4 
5 
6 
7 

8 

9 
10 
11 
12 

323 

331 
39 
13 

55.31 

K-SURF 

311.02 
315,96 
320,95 
325.95 
330.93 
335,37 
340,74 
345,51 
350,14 

354,62 
358.92 
363.01 

Y-SURF 

267.00 
266.24 
265.86 
255.37 
256.25 
267.02 
263.16 
269.68 
271.55 
273.77 
.276.33 
279.20 

ALPHA 

(DEG) 

-8.73 
-4.34 

.05 
4.44 
8.82 

13.21 
17.60 
21.99 
26.37 

30.76 
35.15 
39.53 



13 
14 

15 
IS 
17 

3S6 
370 
373 
376 
378 

87 
47 

79 
82 

53 

282 
235 
285 
293 
296 

39 
85 
59 
57 
35 

43 
48 
52 
57 

92 
31 
70 
06 

FAILVns SURF.4CE # 5 SPECIFIED BY 18 COORDINATE POINTS 

SAFETY FACTOR 1 , 6 4 5 

X-CENTBR 
Y-CENTER 
RADIUS = 

POINT 
NO. 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
13 
13 
14 
15 
16 
17 

18 

325 
341 

75.5: 

X-SL'RF 

312.65 
317.60 
322.59 
327,59 
332,SB 
337.54 
342.45 
347.30 
352.04 

356,58 
3S1.18 

365.52 
369.69 
273.67 
377.44 
380-99 
364.23 
337-31 

98 
41 

Y-SURF 

267.08 
266.36 
265,97 
263,91 
26S,16 
2SS,78 
267.71 

269.96 
270.53 
272.41 
274.53 
277.07 
279.82 

282.85 
286.13 
289,66 
293.41 
297.21 

ALPHA 
(DEG) 

-8,27 

-4.48 
-.58 
3.11 
6.91 

10.70 
14.49 

16.29 
32.08 
25.88 
29,67 
33.47 

3 7.26 
41.05 
44.85 
48.64 
52.44 

FAILURE SURFACE If 6 SPECIFIED BY 18 COORDINATE POINTS 

SAFETY FACTOR » 1 .64 8 

X-CENTER 
Y-CENTER 
RADIUS » 

POINT 
NO, 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 

11 
12 

13 
14 
15 
16 
17 
IB 

324 
338 

63 
50 

72.95 

X-EURF 

310.20 
315.14 
320.11 

325.11 
330.11 

335.08 
340.00 
344.85 
349.60 
354,24 
356,74 

363.06 
367.24 
371.20 
374,94 
378.44 
381.69 
384.65 

Y-SURF 

267.00 
266.18 
265.69 
265.55 
265.75 
266.29 
267.17 

258.39 
269.94 

271.80 
273.99 
276.47 
279.25 
262.30 
285.62 
289.13 
292.98 
296.95 

ALPHA 
(DEG) 

-9.48 
-3.S6 
-1.63 
2.30 
6.23 

10.16 
14.08 
18.01 
21.94 
25.37 

29.79 
33.72 
37.65 
41.S8 
45.51 
49.43 
53. 3S 

FAILURE SURFACE ff 7 S P E C I F I E D EY 17 COORDHNATB POINTS 



SAFETY FACTOR = 1 . S 5 2 

X-CSNTER 
Y-CENTER 
RADIUS = 

POINT 
KO. 

1 
2 
3 
4 

5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

325. 
324. 

59,83 

X-SURF 

310.20 
315.09 
330.05 
325.04 
330.04 
335.OC 

339.30 
344.69 
349.35 
353.B5 
358.14 

362.21 
366.01 
369.54 
372.75 
375.63 
377.94 

37 
88 

Y-SURF 

267.00 
265.34 
265.28 
265.05 

265.23 
265.83 
266.34 
268.26 
270.07 

272 .25 
274.82 
277.74 
280-98 
284,52 
388,35 
292.44 
296.35 

ALPHA 
(DEG) 

-12.26 
-7.49 
-2.70 

2.03 
6.38 

11.67 
16.45 

21.25 
26.04 
30.33 
35.62 
40.41 
45.20 
49.99 
54.78 
59.57 

FAILL'RE SURFACE # 8 SPECIFIED BY 16 COORDINATE POINTS 

SAFETY FACTOR 1.656 

X-CENTER 
Y-CENTER 

RADIUS = 

POILT 
NO. 

1 
2 
3 
4 
5 
6 
7 
S 
9 

10 

11 
12 
13 
14 
15 
16 

325 
323 

61.34 

X-SURF 

315.10 

320.03 
325.04 
330,04 
335.01 

339,93 
344.76 
343,43 
3S4..03 
3S8.41 
363.SB 
366.50 
370.16 

373,53 
376,59 
373.76 

35 
SS 

Y-SURP 

268.30 
267,57 
267,24 
257.31 
267.80 

266.69 
269.97 

271.65 
273.70 
276.12 
278.89 
261.98 
285.39 
239.08 
233.04 
296.37 

ALPHA 
(DEG) 

-8.46 
-3,78 

,89 
5.56 

10,33 
14.90 
19.58 
24.35 

28.32 
33,59 
39.26 
42.94 
47.61 
52.28 
56.95 

FAILURE SURFACB # 9 SPECIFIED BY 17 COO.RDINATE POINTS 

SAFETY FACTOR - 1-557 

X-CEl-ITER 

Y-CE.MTER 
RADIUS « 

POINT 
NO. 

1 
2 

329 
321 

SS.46 

X-SL'RF 

315.10 
319.38 

55 
34 

Y-EURF 

268,30 
267.22 

ALPHA 
(DEG) 

-12.52 
-7.35 



3 
4 
5 
6 
7 
S 
3 

10 
11 
12 
13 
14 
IS 
16 
17 

324 
329 
334 
339 
344 

349 
354 
358 
362. 
366 
370 
373 
375 
378 
373". 

.54 

.94 

.93 

.66 

.75 

.49 

.07 

.45 

.53 

.47 

.05 

.30 

.19 

.70 

.80 

366 
266 
266 
267 
268 
270 
272 
274 

277 
2S0 
263 
237 
231 
2 56 
296 

.58 

.39 

.65 

.36 

.51 

.CS 

.10 

.51 

.30 

.45 

.36 

.76 

.94 

.16 

.37 

-2.18 

2.38 
8.15 

13.32 
18.43 
23.65 
28.82 
33.99 
39.15 
44,32 
49.49 
54.65 

59.63 
55.00 

FAILURE SURFACE # 1 0 SPECIFIED BY 18 COORDINATE POINTS 

SAFETY FACTOR 1 . 6 5 8 

X-CENTER 
Y-CENTER 
RADIUS = 

POINT 
NO. 

1 
2 

3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

18 

330. 
327. 

62.22 

X-SURF 

313.47 

318.33 
323.27 

328.25 
333.25 
338.24 
343,17 

346.03 
352.76 
357.35 
361.77 

365.93 
369.97 

373.70 
377.16 
380.31 
333.14 
384,73 

48 
33 

Y-SURF 

267.48 
266.31 
365.53 

365.15 
265.18 
265.60 
266.42. 
367.64 
269.34 
271.22 
373.56 
276.34 

279,25 
282,58 
266,20 

290.08 
294.20 
296,96 

ALPHA 

(DBG) 

-13,56 
-8.95 
-4 .35 

.26 
4.86 
9.47 

14.07 
18.66 
23.23 

27.89 
32.50 
37.10 
41.71 

46.31 
50.93 
55.52 
60.13 



Y A X I S 

9 3 . 0 0 1 6 3 , 0 0 2 4 3 . 0 0 3 1 8 . 0 0 3 9 3 . 0 0 4 5 6 . 0 0 

X . 0 0 * * - * - - * * * - * * * * * * - * * *-f f h ' ), 

7 5 . 0 0 •!-

A 1 5 0 . 0 0 + 

X 2 2 5 . 0 0 -

I 3 0 0 . 0 0 •• 

S 3 7 5 . 0 0 + 

2 1 . . 
. 1 1 . * 
. . 2 1 * 

4S0.00 + 

5 2 5 . 0 0 •̂  

6 0 0 . 0 0 *'* * *** * * * * * * **** 
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CELL 7/LT/SEISMIC/WASTE +20 

250C5URFACE5 HAVE BEEN GENERATED 
10 MOST CRITICAL OF SURFACES GENERATED 
MINIMUM FACTOR OF SAFETY - 1.128 

1 
300. 

X-AXIS 
0, 75. 150. 225, 375, 450. 525. 600. 



--SLOPE STABILITY ANALYSIS--
SIMPLIFIED JANBU METHOD OF SLICES 

IRREGULAR FAILURE SURFACES 

PROBLEM DESCRIPTION CELL 7/LT/SEISMIC/WASTB •f20 

BOUHDARY COORDINATES 

9 TOP EOUtTOARIES 
3 9 TOTAL BOUNDARIES 

BOUNDARY 
NO. 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 

11 
12 
13 
14 
IS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

28 
29 
30 
31 
32 
33 
34 

35 
36 
37 

38 
39 

X-L3FT 

.00 
230.00 
300.00 
310.50 
312.50 
355.90 
373.10 
375.10 
378.10 

312.50 
319,70 

327,20 
333.60 

378.50 
333.60 
395.30 
327.20 
395,00 
310^50 
230,0.0 
394,50 

.00 

.00 
,00 
,00 
,00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Y-LEFT 

233.00 
239.00 
267.00 
267.00 
267.00 

293.70 
297.30 
297.30 
255.30 
267,00 
267.00 
264.50 
264.50 

295.00 
264.50 
244.00 
364.50 
242.00 
267.00 
239.00 
239.00 
236.00 
234.00 
230.00 
220.00 
218.00 
206.00 
197.00 
191.00 
135.00 
175.00 
169.00 
155,00 
153,00 

149,00 
140.00 
119,00 
104,00 
93.00 

X-RIGHT 

230.00 

300.00 
310.50 
312.50 
365.90 

373.10 
375.10 
378.10 
600.00 
319.70 
327.20 
333.60 

378.50 
600.00 

395.30 
600.00 
395.00 
600.00 
394.50 
394.50 
600.00 

600.00 
500.00 
600.00 
600.00 
600.00 

600.00 
600.00 
600.00 
600.00 
600.00 
500,00 
600,00 
600.00 
600.00 
500.00 
600.CO 
600.00 
600.00 

Y-RIGHT 

239.00 
267.00 
267.00 
267.00 
293.70 
297.30 
397.30 
296,30 
318.50 
267.00 
264.50 
264.50 
295.00 
316.50 

244.00 
244.00 
242.00 
242.00 
239.00 

239,00 
239.00 
236.00 
234.00 
230.00 
220,00 

218.00 
208.00 
197.00 
191.00 
185.00 
175.00 
169.00 
ISS.00 
153.00 
149.00 
140.00 
119.00 
104.00 
33.00 

SOIL TYPE 
BELOW BND 

5 
3 
3 
2 
2 
1 

1 
1 
1 
2 
2 
1 
4 

4 

1 
1 
2 
2 
3 
5 
5 
6 
7 
8 
7 

3 
7 

8 
7 
8 
7 
8 
7 
8 
7 
8 
7 
8 
7 

ISOTROPIC SOIL PARAMETERS 

8 TYPE'S) OP SOIL 

SOIL TOTAL 
TYPE UNIT WT. 
KO. 

SATURATED COHESION FRICTION PORE PRESSURE PIEZOMETRIC 
UNIT WT. INTERCEPT ANGLE PRESSURE CONSTANT SUPJACS 

(DEG) PARAMETER NO. 



1 
2 
3 
4 
5 
6 
7 
8 

1 2 0 . 0 
1 1 0 . 0 
1 3 0 . 0 
1 2 0 . 0 
1 3 0 . 0 
1 2 0 . 0 
1 1 0 . Q 
I I C . O 

1 2 0 . 0 
I I C . O 
1 3 0 . 0 
1 2 0 . 0 
1 3 0 . 0 
1 2 0 . 0 
1 1 0 . 0 
1 1 0 . 0 

1 0 0 . 0 
2 7 0 . 0 
4 0 0 . 0 
IOO.O 
2 0 0 . 0 
2 0 0 . 0 
2 0 0 , 0 
2 0 0 , 0 

2 8 - 0 
2 8 - 0 
3 4 . 0 
2 5 . C 
3 0 . 0 
3 0 . 0 
3 0 . 0 
2 7 . 0 

. 00 

. 0 0 

. 0 0 

. 00 

. 00 

. 0 0 

. 0 0 

. 0 0 

.0 

.0 
. 0 
. 0 
.0 
. 0 
,0 
. 0 

1 
1 
1 
1 
1 
1 
1 
1 

1 PIEZOMETRIC .SURFACE [S) hiXVS BEEN SPECIFIED 

UNITWEIGHT OF WATER = 62.40 

PIEZOMETRIC SURFACE NO. 1 SPECIFIED BY 2 COORDINATE POINTS 

POINT X-WATER Y-WATER 
NO. 

1 ,0C 234.00 
2 600.00 234.00 

A HORIZONTAL E.AETHQU.AKE LOADING COEFFICIENT 
OF .180 HAS BEEN ASSIGNED 

A 'VE.RTICAL EARTHQUAKE LOADING COEFFICIENT 
OF .000 HAS BEEN ASSIGNED 

CAVITATION PRESSURE = .0 

A CRITICAL FAILUKB SURFACE SEARCHING MBTHOD, USING A RANDOM 
TECHNIQUE POR GENERATING CIRCULAR SURFACES, H.AS BEEN SPECIFIED. 

2500 TRIAL SURFACES HAVE BEEN GENERATED. 

50 SURFACES INITIATE FROM EACH OF 50 POINTS EQU.ALLY SPACED 
ALONG THE GROUND SURFACE BETWEEN X « 280.00 

AND X = 320.00 

EACH SUP.FACE TERMINATES BETWEEN X = 350.00 
AND X = 400.00 

UNLESS FURTHER LIMITATIONS WERE IMPOSED, THE MINIMUM ELEVATION 
AT WHICH A SURFACE EXTENDS IS Y == .00 

S.OC FT. LINE SEGMENTS DEFINE EACH TRIAL FAILURE SURFACE. 

FOLLOWING ARE DISPLAYED THE TEN MCST CRITICAL OF THE TRIAL 
FAILURE SURFACES EXAMINED. THEY ARE ORDERED - MOST CRITICAL 
FIRST. 



SAFETY FACTORS ARB CALCULATED BY THE MODIFIED BISHOP METHOD. 

FAILURE SURFACE ff 1 SPECIFIED BY 18 COORDINATE POINT.S 

SAFETY FACTOR = 1.128 

X-CENTER 
Y-CEBTER 
RADIUS =• 

POINT 

NO. 

1 
2 

3 
4 
5 
6 
7 

8 
9 

10 

11 
12 
13 
14 
15 
16 
17 
16 

325 
341 

SB 
41 

75.52 

X-SURF 

312.65 
317.60 
322.59 
327.53 
332.58 
337.54 
342.43 
347,3C 
352,04 
356.68 
361.IS 
365.52 
369.69 
373.67 

377.44 
380.99 
394.29 
397.21 

Y-3URF 

267.06 
256,36 
2S5.97 
265.31 
266.18 
266.76 
267.71 
268.96 
270.53 
273.41 
274.S9 
277.07 

379.32 
282.35 
28S.13 
269.66 
293.41 
397.21 

ALPHA 
(DEG) 

-8.27 
-4.48 
-.68 

3.11 
6.91 

10.70 
14.49 
18.29 
22.08 
25.88 
29.67 
33.47 
37.26 
41.05 
44.35 
48.64 
52.44 

SLICE 
NO. 

1 
3 
3 
4 

5 
6 
7 

8 
9 

10 
11 
12 

13 
14 
15 
16 
17 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

X 

312.92 
315.39 
313.65 
321.14 
3 22.70 
325.20 

330.03 
334.70 
337.13 

340.00 
344.83 
343.67 
3S4.36 
358.33 
363.35 
363.71 
367.80 
371.40 
373.39 
374.39 
376.27 

377.77 
373.30 
375.74 
392.64 

3-35.13 
366.64 

DX DW 

4 
2 
2 

4 
4 
4 

4 
4 
4 
4 

4 
4 

3 
3 

1 
2 

2 
3 
1 
1 

.53 

.42 

.10 

.39 
22 

.76 
99 
25 
71 

91 
84 

75 
63 
.50 
34 
38 
79 
41 
57 

43 
34 
6S 
40 
49 
30 
79 
14 

9 
659 
677 

1653 
148 

3896 

5353 
54S6 
987 

7376 
8094 

8540 
B719 

8S39 
8316 
721 

7312 
6270 
1003 
2373 

3312 
787 

447 
2397 

20S8 
521 
92 

.84 

.15 
35 
.80 
50 

61 
10 
72 
58 
91 
19 
99 
59 
24 

04 
75 
77 
69 

28 
52 
71 
14 
86 
99 
28 
SB 
83 

DQ 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
,00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.CO 
.00 
.00 
.00 
-00 

DU DN DSr 

00 

00 
00 
00 
00 

00 
00 

00 
00 
00 
00 

00 
.00 
00 
00 
00 
00 
00 
00 
00 

00 
00 
00 
00 
00 

00 
00 

30 
1098 
954 

1789 

14 9 
3932 
5163 
5082 
340 

6835 
7449 
7785 
7304 
7318 
7541 

658 
6675 
5774 
932 

2205 

3053 
728 
412 

2177 
1787 
336 
-36 

.56 

.32 

.71 

14 
98 
S3 
53 
14 
03 
70 
42 
01 

13 
73 

83 
47 
27 
02 

20 
52 
64 
56 
3S 
52 
14 
80 
71 

141 
1587 

954 

1536 
123 

2998 
3631 
3431 

452 
3290 
3523 
3662 
3711 

3676 
3561 
312 

3162 
2 76 7 

444 
1080 

1537 

383 
220 

1211 
1162 

398 
146 

61 
.71 
13 
.50 

42 
33 
40 
52 
19 
35 
43 
19 
44 
15 
64 
71 
90 
20 
31 
04 
79 

71 
52 

18 
26 

96 
88 

FAILURE SURFACE # 2 SPECIFIED BY 19 COORDINATE POINTS 



SAFETY FACTOR == 132 

X-CENTER 
Y-CENTER 

RADIUS = 

POINT 
NO. 

1 
2 
3 
4 

5 
6 
7 

8 
9 

10 

11 
12 
13 
14 

15 
IS 
17 

18 
19 

325 
349 

41 
26 

32.64 

X-SURF 

313.47 

318.44 
323.43 
328.43 
333.42 

338.33 
343.39 

348.14 
352.30 
357.56 
362.11 

366.52 
370.78 

374.37 

378.75 
382.50 
385.01 

389,30 
389.79 

Y-SURF 

267.48 
266. 91 
266.64 
266,67 

267,01 
267,64 
263.57 
269,60 
271.32 

2 73,13 
275,21 
277,37 

280.18 
233.05 
236.17 

239,51 
2 93,07 
296.84 
297.47 

ALPHA 
(DEG) 

-6.57 
-3,11 

.36 
3.83 
7.29 

10.76 

14.23 
17.69 
21.16 

24.63 
23,10 
31.56 
35.03 
38,50 
41.96 
45.43 

48.90 
52.37 

FAILURE SURFACE # 3 SPECIFIED BY 19 COOPJJINATE POINTS 

SAFETY FACTOR » 1 . 134 

X-CENTBR 
Y-CENTER 
RADIUS = 

POINT 
NO. 

1 
2 

3 
4 
5 

6 
7 

8 
9 

10 

11 
13 

13 
14 

15 
IS 
17 
18 
19 

328 

343 
78.02 

X-SURF 

312.65 
317.58 

322.3S 
327.55 
332.54 
337.53 
342.47 
347.36 
352.17 

356.83 
361.48 
365.94 
370.24 

374.33 

378.32 
382.06 
385.59 
386.87 

391.37 

44 

51 

Y-SURF 

267.08 
266.22 
255.69 
265.47 
265.57 

265,99 
266.73 
267,79 
263,16 
270.33 
272.80 

275.06 
277.60 

280.41 
283.48 
286.80 
290.35 
294.12 
297.65 

ALPHA 
(DBG) 

-9.63 
-6.16 
-2.49 
1.18 
4.85 
8.52 

12.19 
15.86 
19.53 
23.21 

26.88 

30.55 
34.22 
37.89 
41.56 

4 5.23 
49.90 
52.57 

FAILURE SURFACE # 4 SPECIFIED BY 13 COOPXIINATE POINTS 

SAFETY FACTOR > 1.134 

X-CENTER =• 
Y-CBNT2R = 
RADIUS = 

328.73 
341.37 

75.91 



POINT 
NO. 

1 
3 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

X-SURF 

312.65 
317.57 
322,54 
327.53 
332.53 
337.52 
342.4S 
347.34 
352.15 
355.85 

361.43 
365.87 

37D.1S 
374.25 
373.15 
381.83 
385.29 
368.50 
390.75 

Y-SURF 

367.06 
366.18 

265.61 
365.37 
255.45 
265.67 

266.6.1 
257.66 
269.OS 
270.76 

272.76 
275.07 

277.55 
280.52 
283.S5 
287.03 
290.64 
294.47 
297.57 

ALPHA 
(DEG) 

-10.33 
-5.56 
-2.79 

.99 
4.76 
6.54 

12.31 
16.09 
19.8G 
33.64 
27.41 
31.16 

34.96 
33.73 
42.51 
46.28 
5 0.06 
53.83 

FAILURE SURFACE tf 5 SPECIFIED BY 1 8 COORDINATE POINTS 

SAFETY .FACTOR = 1.136 

X-CEaTTKR 
Y-CENTER 
RADIUS = 

POINT 

NO. 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

18 

319. 
359. 

92.38 

X-SURF 

312.55 
317.65 
332.65 
327.64 
332 .61 
337.54 
342.42 
347.24 
331.57 

356.62 
361.15 
365.57 

369.85 
373.98 
377.96 
3 61.76 
385.39 
388,63 

99 
16 

Y-SURF 

267,08 
266.81 
265,82 
257.10 
267.65 
268,47 

269.55 
270.90 
272.50 

274.36 
276.46 

278.81 
281.39 
284.21 
287.24 
290.48 
293.92 
297.35 

ALPHA 
(DEG) 

-3.00 
.10 

3.20 
6.30 
9.40 

12.50 
15.51 
18.71 
21.81 
24.91 
28.01 

31.11 
34.21 
37.32 
40.42 
43.52 
46.62 

FAILURE SURFACE tf 6 SPECIFIED BY IS COORDINATE POINTS 

SAFETY FACTOR = 1.140 

X-CSNTER 
Y-CENTER 
RADIUS » 

POINT 

NO. 

1 
2 
3 
4 

324 

333 
66 
50 

72.95 

X-SURF 

310.20 
315.14 
320.11 
325.11 

Y-SURF 

267.00 
266.18 
265.69 
265.55 

ALPHA 
(DEG) 

-9.48 
-5.56 
-1.63 
2.30 



5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
15 
17 
18 

330.11 
335.08 
340.00 

344.85 
349.60 
354.24 
338.74 
353.08 
357,24 
371.20 
374.94 
379.44 
331.63 
3S4.65 

265 
266 
267 
268 
2S9. 
271 

273 
27S, 
273. 
2S2, 
285. 
239. 

2 92, 
296, 

.75 

.29 

.17 

.33 

.94 

.80 
39 
.47 

25 
30 
.62 

19 
98 
95 

5 

10 
14 
13. 
21 
25 
29. 
33, 
37 
41, 

45 
49, 

53. 

.23 

.15 

.08 

.01 

.94 

.87 

,79 
.72 
,65 
,58 
.51 
43 
36 

FAILURE SURFACE # 7 SPECIFIED BY 19 COORDINATE POINTS 

SAFETY FACTOR = 1-140 

X-CENTER 
Y-CENTSR 

RADIUS = 

POINT 
NO. 

1 
2 
3 
4 
5 

6 
7 

6 
9 

10 
11 
12 
13 
14 

IS 
16 
17 
18 
19 

323. 
337. 

71.46 

X~SUHF 

313.47 

316.37 
333.34 
328.33 

333.33 
338.31 
343.35 
248.12 

352.91 
357,58 

362.11 
366,43 
370.68 
374.68 
376,46 
381.99 
385.27 
388.28 
389.15 

75 
06 

V-SURF 

267.48 
266.52 
265.B9 
265.62 
265.69 
265.12 
266.89 
266.01 
269.46 
371.25 

273.35 
275.77 
278.49 

281.50 
284.77 
288.31 
292.03 
296.07 
397,41 

ALPHA 
(DEG) 

-11.17 
-7,16 
-3.15 

.65 
4.67 

8.68 
12.89 
16.90 
2 0.91 
24.92 
23.33 
32.34 
36.35 
40.96 
44.97 

48.98 
52.99 
5 7.00 

FAILURE SURFACE # 8 SPECIFIED BY 21 COORDINATE FOJliTS 

SAFETY FACTOR = 1.141 

X-CENTER 
Y-CENTER 

RADIUS -

POINT 
NO. 

1 

2 
3 
4 
S 
6 
7 

a 
9 

10 
11 

331. 
341. 
77.4£ 

X-SURF 

311.02 
315.88 
320.31 
325.78 
330.77 
335.77 
340.75 

345.70 

350.58 
355.39 
360.03 

63 
67 

! 

Y-SURF 

2S7.00 
2S5.83 
264.97 

264.43 
264.21 
264.32 
264.75 
265.49 

266.56 
267.94 
269.63 

ALPHA 
(DEG) 

-13.56 

-9.89 
-5.19 
-2.49 
1.21 
4.91 

8.62 
12.31 
16.01 
19.71 

23.41 



12 
13 
14 
15 
16 
17 

16 
19 
20 
21 

364.68 

369.13 
373.43 
377.55 
381.4E 
385.20 
388.70 
391.96 
394.97 

395.61 

271 
273 

27S 
279 
232 

235 
239 
2 93 
297 
298 

.61 
-89 
45 
29 
36 

72 
29 

oa 
07 
05 

2 7.11 

30.81 
34.51 
38.21 
41.91 
45.60 

49,30 
53.00 
55.70 

FAILtTRS SURFACE # 9 SPECI .'IED BY IB COORDINATE POINTS 

SAFETY FACTOR = 1.141 

X-CSNTER 
Y-CBNTER 
RADIUS " 

POINT 

NO. 

1 
2 
3 
4 

5 
6 
7 

8 
9 

10 
11 
12 
13 
14 

15 

16 
17 
13 

523 
323 

64,04 

X-SURF 

311.84 
316.71 

321.66 
326.65 
331.65 
336.63 
341.56 
346.41 
351.15 
355.75 
360.15 
364.43 
368.45 
372.23 

375.75 
378.97 

381,89 
383.90 

45 
85 

Y-SURF 

267.00 

265.89 
265.17 

264.83 
264.89 
265.33 
2S6.17 
367.38 
368.97 

270.S2 
273.23 
275.87 
278.84 
282.12 

285.67 

289.50 
293.56 
296.88 

ALPHA 
(DEG) 

-12.80 
-8.32 
-3.65 

.63 
5.10 
9.58 

14.05 
18.53 
23.00 
27.47 

31.95 
36.42 
40.90 
45.37 

49.85 
54.32 
58.79 

FAILURE SURFACE fflO SPECIFIED BY 21 COORDINATE POINTS 

SAFETY FACTOR <• 1.142 

X-CENTER 
Y-CENTER 
RADIUS =. 

POINT 
NO. 

1 
2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

13 
14 

15 
16 

328 
354 

89. IC 

X-SURF 

311.84 
316.77 

321.75 
326.74 

331.74 
336.73 
341.69 
346.62 
351.48 
356.27 
360.97 
365.57 

37C.06 
374.41 
378.62 
382.67 

40 
55 

Y-SURF 

257.00 
266.21 
265.70 
265.46 
265.51 
265.84 

266.44 
267.33 
268.49 

269.92 
271.61 
273.57 

275.73 
278.24 

280.94 
283.87 

ALPHA 

(DEG) 

-9.11 
-5.89 
-2,68 

.54 
3.75 
6.97 

10.18 
13.40 
16.62 
19.83 
23.05 
26.26 
29.48 

32.69 
35.91 
39.12 



17 

18 
19 
20 
21 

386.55 
390.24 

393.75 
397.04 

397.44 

287.03 
290.40 
293.97 
297.73 
298.23 

42 
45 

48 
51 

34 

55 
77 

98 

93.CC 168.00 243.00 318.00 

.00 **-* — ***.******.+ **.̂  J. 

393.00 468.00 

75.00 -f 

150.00 + 

225.00 +-

300.00 

375.00 -I-

*5. 
11. . 
.11.* 
.811* 
. ,621 

, .6 

450.00 -1-

525.00 + 

600.00 *' * * * * * * * * * * * * i t 



Appendix C 

Interface Stability Calculations 
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bK^e«. 0\!s C'.-t-'i((jî -%. -W.̂ f- .̂-"- h : l |-'f-< •, f y - . c 

j i 

, y .1. ." 

"F'C S--I 

«?>- 2 - " 0 - l ' ' -1'-.',-e-l-

O ! ^ 

-4ii^^2^:^;4^ c & i i ^ : : ^ , 1 
- I - • 

4" • 
i 
f 

! . 

. . . , . . 

• + • 

• I • 

i F t c r io 
r,a> s:.'?!. ^.^-'^ ^ . * * ' • • J . 

^iy.5:.l.* ^ f>'V^c-S.^.-t 

/-<^? 

- i - -4 



Appendix D 

Settlement Calculations 



t'C.U \p Orrc^. t^e^v-t.^^ 1 / "'-t --1 

JOB NUMBER: 1090175 

Constant Maximum Past 
Length(X): 
Width (Y): 
Load Depth 

Load 
No. 

Adj 

1 
2 
3 
4 
5 
6 
7 
8 
9 

SOIL 
LAYER 

aeent 
(psf.) 

1080 
960 
960 
600 
600 
300 
420 
480 
480 

SOIL I 
TYPE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

i 

4 
2 
2 
2 
2 
1 
8 
7 
6 
4 
4 
3 
2 
8 

10 
10 
6 
4 

465 

.000 

.000 
0 ft 

Load 

Pressure: 
ft X~Coord 
ft Y-Coord ^ 

0 
-
-

Rep-lacement Fill 

1 Length(X) 
(ft) 

710.0 
665.0 
625.0 
590 .0 
550.0 
525.0 
450.0 
320.0 
160.0 

LAYER 
THICK [DEPTH 

(FT) 

4 
6 
8 
10 
12 
13 
21 
28 
34 
38 
42 
45 
47 
55 
S5 
75 
81 
85 

550 

SOIL 

psf 
•0 0 0 ft 
OCO ft 
Depth 

Load: 0 psf 
Wate 

Width(Y) j Depth 
(ft) 

1500.0 
1500-0 
1500.0 
1500.0 
1500.0 
1500.0 
1500.0 
1500 .0 
1500.0 

DENSITY 
(PSF) 

120.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110 .0 

1 (ft) 

COMP 
RA.TIO 

.1500 

.2000 

.2500 

.3000 

.3500 

.3000 

.1000 

.0300 

.0500 

.0050 • 

.0200 

.0800 

.0100 

.0400 

.0900 

. 0400 

.0010 

.0300 

.015 0 

. 0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

•̂r Depth: 
0 ft 

Coordin 
X(ft) [ 

. 0 

.0 

.0 

.0 

. 0 

.0 

. 0 

.0 

. 0 

RECOMP 
RATIC 

.1500 

.2000 

.2500 

.3000 

.3500 

.3000 

.1000 

.0300 

.0500 

.0050 

. 0200 

.0800 

.0100 

. 0400 

.0900 

.0400 

.0010 

.0300 

.0150 

7 ft 

ate 
Y(fr) 

. 0 

.0 

. 0 

.0 

. 0 

. 0 

.0 
-0 
. 0 

SETTLEMENT 
VIRGIN 
(IN) 

RECOMP 
(IN) 

10.82 3 .000 
5.001 .000 
5.549 .000 
6.300 .000 
7.035 .000 
2.923 ,00 0 
7.175 .000 
1.666 .C )00 
2.170 .000 
.136 .000 
.517 .OCO 

1.491 .00 0 
.121 .000 

1.837 .000 
4.734 .000 
1.924 .000 
.027 .C C 0 
.519 .000 

13 .073 .000 

TOTAL SETTLEMENT--: 71.022 inches 



6i.U. (̂  %0 V'\tyu.s.-V!i. :? h 

JOB i<JTJMBER: 109C175 

Constant .Maximurr. Past Pressu.re: 
Lerxgth(X) : .000 ft X-Coord --= 
Width (Y): .000 ft Y-Coord = 
Load Depth C ft Replacement 

0 psf 
.000 ft 
.000 ft 

Fill Depth 

Load.: 
Water 

0 

0 
Depth: 
ft 

psf 
7 fi 

Load 
No. 

Adjacent Load 
(psf) 

Length(X) 
(ft) 

Width(Y) 
(ft) 

Depth I Coordinate 
(ft) X(ft) i Y(ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

10 SO 
960 
960 
600 
600 
300 
900 
960 
54 0 
420 
480 
420 

710.0 
665.0 
625.0 
590.0 
550.0 
525.0 
515.0 
485.0 
460.0 
365.0 
215.0 
80.0 

1500.0 
1500.0 
1500.0 
1500.0 
1500.0 
1500.0 
1500.0 
1500.0 
1500.0 
1500.0 
1500.0 
1500. 0 

.0 

. 0 
,0 
.0 
.0 
.0 
.0 
. 0 
.0 
.0 
.0 
.0 

. 0 

. 0 

. 0 

.0 

. 0 

.0 

. 0 
, 0 
0 
0 
0 
0 

. 0 

. n 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

.0 

SOIL 
LAYER 

SOIL 
TYPE 

LAYER 
THICK[DEPTH 

(FT) 

SOIL 
DENSITY 
(PSF) 

COMP 
RATIO 

RECOMP 
PJ^TIO 

SETTLEMENT 
VIRGIN 

( IN) 
RECOMP 

( IN) 

1 
2 
3 
4 
5 
e 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

4 
2 
2 
2 
2 
i_ 

8 
7 
S 
4 
4 
3 
2 
8 

10 
10 
6 
4 

4 
6 
8 

10 
12 
13 
21 
28 
34 
38 
42 
45 
47 
55 
65 
75 
81 
85 

550 

120.0 
110.0 
110. 0 
110.0 
110.0 
110.-0 
110.0 
110.0 
110. 0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 

.1500 

.2000 

.2500 

.3000 

.3500 

.3000 

.1000 

. 0300 

. 0500 

.0050 

.0200 

.0800 

.0100 

.0400 
, 0900 
,0400 
,0010 
0300 
0150 

.1500 
,2000 
.2500 
.3000 
.3500 
.3000 
.1000 
.0300 
.0500 
.0050 
.0200 
.0800 
.0100 
.0400 
.0900 
.0400 
.0010 
.0300 
.0150 

11.836 
5.645 
6.332 
7.226 
8. 102 
3 .376 
8.349 
1.960 
2.573 
.162 
.619 

1.790 
.145 

2 .218 
5.753 
2 . 354 
.033 
.64 0 

14.202 

.00 0 

. 00 0 

.000 

.00 0 

.000 

.OCO 

.00 0 

.OCO 

.000 

.000 

.000 

. 000 

. 000 

. 000 
, 00b 
.0 00 
. 000 
. 000 
.000 

TOTAI, SETTLEMENT^ 83.315 inches 



6^U î  iC^^U \.,A.-(^ 
V 

IOB NUMBER: 10 9C175 

Cons t an t Maximum P a s t P r e s s u r e : 0 p s f 
.ength(X) : 
\/idth (Y) : 
_,oad Depth 

Load 
Mo. 

.000 

.000 -
0 ft 

Adjacent Load 
(psf) 

1 1080 
2 960 
3 960 
4 600 
5 600 
6 300 
7 900 
8 960 
9 540 

10 420 
11 480 
12 480 
13 480 
14 480 
15 360 

SOIL 
LAYER 

SOIL 
TYPE 

• 

1 <? 
2 : 
3 ; 
4 : 
5 2 
6 2 
7 fc 
8 •; 

9 6 
10 4 
11 4 
12 3 
13 2 
14 8 
15 10 
16 10 
17 6 
18 4 
19 465 

" LAY 
THICKJ 

(FT 

4 
> 6 

8 
10 
12 
13 
21 
28 
34 
38 
42 
45 
47 
55 
65 
7 5 
81 
85 

55 0 . 

ft X-Coord : 
ft Y-Coord = 

-
-

Replacement Fill 

Length(X) 
(ft) 

710.0 
665.0 
625.0 
590.0 
550.0 
525.0 
515.0 
485.0 
460.0 
410.0 
330.0 
250.0 
180.0 
100.0 
. 30.0 

ER 
DEPTH 
) 

SOIL 

000. ft 
000 ft 
Depth 

Load: 
Water 

0 

Width(Y) j Depth ) 
(ft) 

1500.0 
1500.0 
1500.0 
1500.0 
1500.0 
1500.0 
1500.0 
1500.0 
1500.0 
1500.0 
1500.0 
1500 .0 
1500 .0 
1500.0 
1500.0 

DENSITY 
(PSF) 

120.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 . 
110 .0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110 .0 

1 (ft) j 

COMP 
PATIO 

.1500 

.2000 

.2500 

.3000 

.3500 

.3000 

.1000 

. 0300 

.0500 

.0050 

. 0200 

. 0800 

.0100 

.0400 

. 0900 

.0400 

.0010 

.0300 

.015 0 

.0 

.0 

.0 

.0 

. 0 

.0 

.0 

.0 

.0 

.0 

.0 

. 0 

.0 

. 0 

. 0 

RECOMP 
RATIO 

.1500 

.2000 

.2500 

.3000 

.3500 

.3000 

.1000 

.0300 

.0500 

.0050 
,0200 
.0800 
.0100 
.0400 
.0900 
.0400 
.0010 
.-0300 
.015 0 

i : 
L 

i 
'' 
e 
.' 
£ 
JL 

5 

1 

c 
'' 

15 

0 psf 
Depth: 
ft 

7 ft 

Ccor"dinate 
X(ft) ( 

. 0 

. 0 

. 0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

Y(ft) 

.0 

.0 

.0 

.0 

.0 

. c 

. 0 

.0 

.0 

.0 

.0 

.0 

.0 

. 0 

. 0 

SETTLEMENT 
VIRGIN 
(IN) 

RECOMP 
(IN) 

>.308 • .000 
3.94 7 .00 0 . 
5.700 .000 
7.659 .000 
S.599 .000 
>.586 .000 
!.885 .000 
>.091 .000 
.751 .000 
.173 .000 
.663 .000 
.920 .000 
.156 .000 
.383 .000 
.192 .000 
.53 7 .C 0 0 
.036 - 0 0 0 
.691 .000 
-311 .000 

TOTAL SETTLEr-fSNT= 8 8 . 5 92 i n c h e s 



M7 o^ 
' ^ • 

&.-i'>'^ 'V'\ 

JOB ITOMBER: 1090175 

Constant Maximum Past 
Length(X): .00 0 
Width (Y) : .000 
Load Depth 0 ft 

Pressure; 0 psf 
ft X-Coo,rd = .000 ft Load: 0 psf 
ft Y-Coord = .000 ft Water Depth: 

Replacement Fill Depth 0 ft 
ft 

Load 
No. 

Adjacent Load 
(psf) 

Length(X) 
(ft) 

Width (Y) j De-Dth j Coordinate 
(ft) ! (ft) I X(ft) I Y(ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

SOIL 
LAYER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
IS 
16 
17 
18 
19 

960 
960 
960 
360 

1080 
480 
480 
480 
480 
480 

SOIL 
TYPE 

/ 
^ 
^ 

/. 
1 
.C 

1 
6 
4 
4 
3 
2 
8 

10 
10 
6 
4 

465 

905. 0 
945.0 
905.0 
880.0 
825.0 
720.0 
560-0 
400.0 
240.0 
80.0 

LAYER 
THICK DEPTH 

(FT) 

\ 4 
! 6 

8 
10 
12 
13 
21 
28 
34 
38 
42 
45 
47 
55 
65 
75 
81 
85 

550 

SOIL 

600. 
600. 
600. 
bOO. 
600. 
600. 
600. 
600. 
600 . 
600. 

DENSITY 
(PSF) 

120.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110. 0 
110.0 
110.0 
110.0 
110.0 
110.0 
110 .0 

.1500 

.2000 

.2500 

.3000 

.3500 

.3000 

.1000 

.0300 

.0500 

.0050 

.0200 

.0800 

.0100 

.0400 

.0900 

. 0400 

.0010 

.0300 

.015 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

COMP 
RATIO 

. 0 

.0 

. 0 

.0 

.0 

.0 

.0 

. 0 

.0 

.0 

,0 
.0 
.0 
.0 
. 0 
. 0 
.0 
. 0 
.0 
.0 

RECOMP 
RATIO 

.1500 

.2000 

.2500 

.3000 

.3500 

.3000 

.1000 

.0300 

.0500 
-0050 
.0200 
.0800 
.0100 
.0400 
.0900 
0400 
0010 
0300 
015 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 
-0 
.0 
. 0 
.0 

SETTLEMENT 
VIRGIN 
(IN) 

11.225 
5.256 
5.858 
6.664 
7.454 
3 .100 
7.631 
1.778 
2.322 
.145 
.554 

1.599 
.130 

1.971 
5.084 
2.068 
.029 
.558 

11 .502 

RECOMP 
(IN) 

.000 

.000 

.000 

.000 

.00 0 

.000 

.00 0 

.000 

.00 0 

.000 

. 000 

. oco 

. 00 0 

.0 00 

.000 
000 
.000 
000 
.000 

TOTAL SETTLEMENT^ 74.92 9 inches 



«.a-i 7_i) 
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O So . t>,c"-

JOB NUMBER: 10 9 0 1 7 5 

Constant Maxi'mum Past 
Length(X); 
Width (Y): 
Load Depth 

Load 
No. 

Adj 

1 
2 
3 
4 
5 
5 
7 
8 
9 

10 
11 
12 
13 

SOIL 
LAYER 

.000 ] 

. 000 J 
0 ft 

acsnt Load 
(psf 

960 
960 
960 
.360 
1080 
960 
960 
480 
480 
480 
480 
480 
240 

SOIL 
TYPE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

I 

^ 
I. 

JL 

.̂ 
1 
£ 
7 
6 
4 
4 
3 
? 
8 

10 
10 
6 
4 

465 

) 

LAY 
THICK 

(FT 

\ 4 
I 6 
•>. 8 

! • 10 
12 
13 
21 
28 
34 
38 
42 
45 
47 
55 
65 
75 
81 
85 

550 

PressLire: 
^t X-Coord = 
ft Y-Coord = 

= 
= 

Replacement F: 

Length(X) 
(ft) 

985.0 
945,0 
905.0 
880.0 
825.0 
790 .0 
760 .0 
74 0 . 0 
640.0 
430,0 
320.0 
160.0 
40.0 

ER 
DEPTH 
) 

SOIL 

0 

Lll 

Width' 
(I 

600. 
600. 
600. 
600. 
600. 
500. 
600. 
600. 
600. 
600 . 
600. 
600. 
600. 

DENSITY 
(PSF) 

120.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110 .0 

.1500 

.2000 

.2500 

.3000 

.3500 

.3000 

.1000 

.0300 

.0500 

.0050 

.0200 

.0800 

.0100 

.0400 

. 0900 

. 0400 
-0010 
.0300 
. 015 0 

it) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

psf 
000 ft 
000 ft 
Depth 

Y) 

Load: 0 psf 
Water Depth: 

0 ft 

Depth 
(ft) 

COMP 
RATIO 

Coordin 
X(ft) j 

.0 .0 

.0 .0 

.0 .0 

.0 .0 

.0 .0 

.0 .0 

. 0 -0 

. 0 .0 

.0 .0 

.0 .0 

.0 .0 

.0 .0 

.0 .0 

RECOMP 
RATIO 

.1500 

.2000 

.2500 

.3000 

.3500 

.3000 

.1000 

.0300 

.0500 

.0050 

.0200 

.0800 

.0100 

.0400 

.0900 

.0400 

.0010 

.0300 

.015 0 

7 ft 

ate 
Y(ft) 

. 0 

. 0 

. 3 

. 0 

. 0 

. 0 

. 0 

. D 

.0 

.0 

.0 
, 0 
. 0 

SETTLEMENT 
VIRGIN 
(IN) 

. RECOMP 
(IN) 

12.071- .000 
5.795 .000 
6.516 .000 
7.442 .000 
8.3 51 .0 00 
3.481 .000 
8.620 .000 
2.02 7 .000 
2.666 .000 
.168 .000 
.643 .000 

1.860 .000 
.151 .C )0 0 

2.309 .000 
6.0 02 .000 
2.461 .000 
.03 5 .00 0 
.671 .000 

14 .594 .00 0 

TOTAL SETTLEMENT= 1 5 . 8 6 3 i n c h e s 



U^\-1 2 - ^ ' (('--'e-v-w-i d - [ C f a ;̂̂ .•̂ <̂? 
t ( • . A l " f 

JOB NUMBER: 1090175 

Constant Maximum Past Pressure: 0 psf 
Length(X): .000 ft X-Coord = .000 ft 
Width (Y); .000 ft Y-Coord - .000 ft 
Load Depth 0 ft Replacement Fill Depth 

Load: 0 psf 
Water Depth: 

0 ft 
7 ft 

Load j 
No. I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

SOIL 
LAYER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
15 
17 
18 
19 

Adjacent Load 
(psf) 

960 
960 
960 
360 

1080 
960 
960 
480 
480 
480 
480 
4 80 
480 
480 
480 
480 
480 

SOIL 
TYPE 

4 

2 

2 
1 
G 
7 
6 
4 
4 
3 
2 
8 

10 
10 
6 
4 

465 

1 Length(X) 
1 (ft) 

985.0 
945.0 
905.0 
880.0 
825.0 
790.0 
760 . 0 
740.0 
640.0 
610.0 
520.0 
455.0 
360 .0 
290.0 
220.0 
145.0 
50.0 

LAYER 
THICK DEPTH 

(FT) 

t 4 
6 
8 

10 
12 
13 
21 
28 
34 
38 
42 
45 
47 
55 
65 
75 
81 
85 

550 

SOIL 

Width(Y) 
(ft) 

600 
600 
600 
600 
600. 
600. 
6 0 0 . 
600. 
500. 
600'. 
600. 
600. 
600. 
600. 
600. 
600. 
600. 

DENSITY 
(PSF) 

120.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110. 0 
110.0 
110.0 
110.0 
110.0 
.110.0 
110.0 
110 .0 
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TOTAL SETTLEMENT. 94.183 inches 
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CLIENT: Clean Harbors - Grassy Mountain Facility 
PROJECT- RCRA Cell 66 and 7 Closufa* 
FEATURE: Closure Hydroloay. Hydraulics, & Erosion Cofilrol 
PROJECT NO: 94 62 100 

SHEET 1 OF ia 
COMPUTED: KCS 
CHECKED: MEA 
OATE. March 2010 

Determine hydrology in estimating runoff discliarge, perimeter ditch capacity and depth, down spout 
design, and erosion control design for Cells6B and 7 Closures assuming a maximum perimeter berm 
tieighit above the cell embankments ot 28 feet on Cell 6B and 29 feet on Cell 7, respectively. 

Hydrology using the SCS Cun/e Number Methodology 

a. Landfill Cell 6B closure cap consists of individual drainage areas contributing runoff to the 
perimeter ditches of approximately 79,000 square feet (1.814 acres) and a total drainage 
area contributing runoff to a downspout of approximately 158,000 square feet (3.627 acres). 
The following is a sketch of the Ceil 68 closure drainage areas. 

b. Landfiil Ce)) 7 closure cap consists of individual drainage areas contributing runoff to the 
perimeter ditches of approximately 69,000 square feet (1.584 acres) and a total drainage 
area contributing runoff to a downspout of approximately 138,000 square feet (3 168 acres). 
The following is a sketch of the Cell 7 closure drainage areas. 

/ . . / / / ^ . / / < ^ ^ 
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CLIENT. Clean Harbors - Grassy Mouniain Facitity 
PROJECT: RCRA Cell 6B and 7 Closures 
FEATURE: Closum Hydfoiogy, Hydraulics, & Erosion Control 
PROJECT NO.: 64 8J:100 

SHEET 2 OF 16 
COMPUTED" KCS 
CHECKED MEA 
DATE: March 2010 
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Use 79,000 square feet (1.814 acres) of drainage area for design of the perimeter drainage 
ditches and 158,000 square feet (3,627 acres) of drainage area for design ofthe downspout 
piping. Results wil! be applied to both landfill cell closure caps. 

Design for the 100-year 24-hour precipitation event The precipitation from tha 100-year 24-
hour precipitation event was obtained from Point Precipitation Frequency Estimates from 
NOAA Atlas 14, The following pages show facility latitude/longitude conversions, facility 
location, and precipitation depths. 
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SHEET 3 OF 16 
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CLIENT: Clean Harbors - Grassy Mountair* Facility 
PROJECT: RCRA Cell 6B and 7 Closures 
FEATURE: Closure Hydrology. Hydraulics, & Erosion Control 
PROJECT NO.: 64 82.100 

SHEET 4 OF 16 
COMPUTED KCS 
CHECKED: MEA, 
DATE: March 2010 
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PROJECT: RCRA Cell SB and 7 Closures 

FEA.TURG: Closure Hydrology, Hydraulics, & Erosion Control 

PROJECT K O " 64 82 100 

SHEET 5 OF 16 

COMPUTED. KCS 

CHECKED. MEA 

DATE: March 2010 

D c E p s 

e. Drainage basin slope is 10% which is the top slope for both landfill cell closure caps, 
f. Basin fiow length is approximately 230 feet. 
g. Ditch flow length is approximately 345 feet. 
h. Ditch slope is 1.0% (or 0.01} for both landfiil closures. 
i. Curve Number (CN) for the gravel armor to be placed on the cap surface for erosion 

protection is CN=83. This is based on a conservative assumption that the gravel cover to be 
a Hydrologic Soil Group B instead of A. According to Technical Release 55 (TR-55) from the 
U.S. Soil Conservation Service, a gravel road with Hydrologic Soil Group B has a curve 
number of 85, however, the gravel road is highly compacted and contains a significant 
amount of fine soil particles to bind the gravel materials and provide strength to the road 
surface. The gravel armor is placed with few fines and is not compacted. A gravel road with 
Hydrologic Soil Group A has a curve number of 76. The assumption of CN=83 should, 
therefore, be conservative. 

j . Using HYDRO, a computer based hydrologic program used for estimating peak discharge 
rates using the SCS curve number methodology, the estimated peak discharge for the 
perimeter ditches is 1.16 cfs. The peak discharge for the downspout piping is twice that for 
the ditch since two drainage areas since the downspouts receive runoff from, two 
symmetrical drainage areas, each contributing runoff to the downspouts from opposite 
directions. Peak downspout discharge rate is 2.32 cfs. 
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RCRA Cell 6B and 7 Closures 
Closure Hydrology. Hyoiaullcs, & Erosion Control 
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SHEET 6 OF 16 
COMPUTED. KCS 
CHECKED MEA 
DATE Maxh 2010 

Perimeter drainage ditch design, 

a. D^ign the ditches for a flow of 1.16 cfs. 
b. The ditches consist of {he v-type ditch design with a 10% sideslope on one side and a 3H:1V 

stope on the other side, 
c. Bottom slope of the ditch is 1% (0.01 ft/ft) and the ditches have a gravel armor lining, 
d. Assume the channel roughness to be 0.036 for gravel 
e. The attached printout shows that the channel will have a flow depth of approximately 0.4 foot 

and a flow velocity of 1.16 feet per second. There is a safety factor of about 1.5 against 
erosion of the gravel armor material in the ditch. 
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a. Design the downspouts for a flow of 2.32 cfs (i.e. 2x1.16 efs). 
b. Using Hydraulic Design Nomographs from the Federal Highway Administration and the 

computer program by the Federal Highway Administration "Hydro Charts and Equations" an 
18-lnch &\Brr\eter corrugated polyethylene pipe was selected for the downspouts. Headwater 
depth requirement is 0.8 foot. Smaller diameter pipe is adequate to convey the design 
flowrate, however, the 18-inch diameter pipe is recommended for clean-out purposes and 
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asa safety factor against plugging. Computer printout sheets are attached for the downspout 
design and headwater requirements 



llMllwtjR CUENT: Clean Harbors - Grassy MounUin Facility SHEET 8 OF 16 
f l l I 1 * 1 1 PROJECT: RCRA Cell 66 and 7 Closure* COMPUTED: KCS 
• * l -JL^ i l FEATURE: Closure Hydrology, Hydraulic*,«Erosion Contro' CHECKED: MEA 

t I | | | * F PROJECT NO.: 64,82.100 DATE March 2010 

e N K I N E I D S 

5, Erosion Protection 

a. Purpose and Procedure. 

The purpose of these calculations is to determine which erosion protection measure to use and how 
to apply It. The closure cap will consist of 10% slope on the upper cap surface and a 2H'1V slope 
around the perimeter of the closure cap. Drainage ditches will be provided on top of the cell 
embankments to collect runoff from the closure cap perimeter slopes. Therefore, there will be no 
impact on the gravel armor placed on the cell embankments resulting from closure cap runoff. The 
figure below shows a cross-section of the closure cap slopes, the slope heights, and the slope 
lengths. 

The procedure used to determine the erosion protection requirements for the top 10% slope and for 
the 2H:1V perimeter slopes of the closure cap is taken from the publication "Erosion and 
Sedimentation in Utah - A Guide for Control", Utah Water Research Laboratory, February 1984, This 
publication is specific to Utah, The degree of erosion protection required is based on the steepness 
and length of the slopes. Erosion protection measures will be determined forthe longest slope length 
and the erosion control measures determined for the longest slope will be conservatively applied to 
all slopes. 

-•^'rrrT^^"^^^..-./--"C.^-^--•«''" .-«., j - . ^ . ^ y - ^ ^ 
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b. The procedure from the above publication uses the Universal Soil Loss Equation (in modified 
form to represent Utah's climatic and topographic conditions) to estimate the soil erosion 
potential of the surface soils assuming no application of erosion control measures. Erosion 
control measures to be implemented are based on the soil erosion potential calculated. 

The universal soil loss equation used to calculate soil erosion potential is; 

A=R-KLS 

where; A = Computed amount of soil loss per unit area for the 
time interval represented by factor R, generally in 
tons per acre per year. 

R = Rainfall (precipitation) factor. 

K = Soil erodibility factor in tons per acre per year per unit 
ofR. 

LS = Topographic factor (length and steepness of slope). 

Calculated erosion after applying erosion control measures is determined by applying and erosion 
control factor (Vf^) to the universal soil loss equation. The erosion control factor is dependant upon 
the type and extent to which the erosion control measure is used (ie, vegetative - type and density, 
mulches - type and thickness, chemical - type and application amount, mechanical - compactive 
effort, smoothness of surface, etc), 

i The rainfall (precipitation) factor (R) is obtained from mean annual iso-erodent (R) 
value maps. The R-vaiue for the facility as obtained from the Tooele area map is; 

R = 6.0 

Since R = 6.0 is based on an annual reeun-ence inten/al, a correction factor is obtained from 
the figure below for the 100-yr recurrence interval 
For the 100-yr recurrence interval; 

R = 6.0*(2,51)= 15,06 

ii. Soil erodibility factor (K) is determined using figure 2 from the above referenced 
report. The gradation of the materials is based on information from the AGEC soils 
report. 

The worst case condition is represented by the soils whose gradation is on the fine side of 
the soii gradation envelope. Parameters obtained from the gradation envelope and 
parameters assumed for use with the nomographs to determine K are: 

84 % silt and very fine sand, and 
16% sand were obtained from the gradation envelope 

0 % organic materia! and a very slow permeability were assumed 
parameters. 
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Applying the above parameters to the nomographs from Figure 2 gives a soil erodibility factor 
(K) equal to 0.72. 
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iii- The topographic factor (LS) is determined assuming single slopes. The closure 
section shows the configuration of typical slope segments that need to be accounted 
for in the calculations which includes a 10% top slope and a 2H; W perime'er stop 
for the closure caps. The LS factor is determined by the following equation; 

LS 65.41 S^ 4.56 s + 0.065 
s^ + 10,000 ^s' ^ 10,000 

/ 

72.6J 

where; LS = topographic factor for slope segment n, 
I = length of slope segment n. 

s = slope gradient of segment n in percent, 
I = slope length 

m = slope gradieni factor, which is 
0,2 for gradients of 0 to 2 percent 
0;3 for gradients of 1 to 3 percent 
0,4 for gradients of 3,5 to 4,5 percent 
05 for gradients greater than 5 percent 

The following table provides LS factor values for the 2H;TV and 10% slopes. 

SLOPE LENGTHS (ft) AND LS FACTOR 
1 VALUES 

Slope Length | LS Factor 

2H:1V (50%) Slope 

65.00 14.3695 

10H:1V(10%) 

361.00 1 2.6009 

IV. Potential Erosion Rates without erosion protection where R = 15.06, K = 0 72 and 
LS as tabulated above are presented in the table below; 

Slope Length (ft) LS A (tons/ac/yr) 

2H:1V {50%} Slope 

i 6500 14,3695 155,81 

10H:1V (10%) 

361.00 [ 2.6009 28,20 
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Required Stone Mulch Thickness 

The amount of stone mulch required to limit soil loss to one ton per acre per year is 
determined from figure 6 of the above referenced report as shown on the following page. 
This figure shows the amount of stone mulch required to reduce the erosion potential from 
as much as 130 tons per acre per year to one ton per acre per year in the original report. 
the curve was extrapolated to show the required amount of stone mulch required for the 
potential erosion rates calculated above. Dr. Joel E. Fletcher, one of the researchers and 
authors of the publication from which this procedure was taken, was contacted regarding the 
extrapolation of the curve. According to Dr. Fletcher, test results were obtained beyond the 
limits of the curve presented in the publications to verify the accuracy of the curves and 
extrapolation would still be accurate. The curve in figure 6, and extrapolation of the curve. 
is represented by the following equation: 

Stone fytuich (tons/ac) = 3.75(Erosion Potential) -f 13.1 

The stone mulch requirement for the 2H;1V (50%) Slope is: 

Stone Mulch (tons/ac) = 3.75 (155.81) + 13.1 = Approximateiy 600 tons per acre of 
stone mulch. The required thickness of stone mulch is: 

t = (Required tons/acre of stone mulch x 2000 lbs/ton x 12 in/ft)/ 
(43560 fP/acre x stone mulcti density lbs/ft') 

Assuming a stone mulch density of 110 lbs/ft' 

t = 600(2000)(12)/(43560)(110) = 3,0 in. 

The stone mulch requirement for the 10H:1V (10%) Slope is; 

Stone Mulch (tons/ac) = 3,75 (28,2) + 13,1 = Approximateiy 120 tons per acre of 
stone mulch. The required thickness of stone mulch is; 

t = (Required tons/acre of stone mulch x 2000 lbs/ton x 12 in/ft)/ 
(43560 ft'/acre x stone mulch density lbs/ft^) 

Assuming a stone mulch density of 110 lbs/ft' 

t = 12Q(2000)(12)/(43560)(110) = 0.6 in. 
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VI, Required D̂ o Size for Stone Mulch 

Stephens method from NUREG/CR-4651 was used to determine the D^ size fo the gravel 
armor. 

Ao = 
qitaney'n l f b . . , 1/6 

P 

eg K̂  - "p)iG, - l)cos6>(tan<;>- tan6')] 5/3 

Where; 

Use; 

q = 
e = 
% • -

9 = 
G» 
cj> = 

C • 

q 
e 

g 

C 

flow per unit width in cfs/ft 
angle of slope in degrees 
porosity of the rock 
Gravitational acceleration in ft/s^ 
Specific gravity of the rock 
angle of repose of rock in degrees 
factor that varies from 0.22 for gravel and pebbles to 0,27 for 
crushed granite. 

flow per unit width in cfs/ft 
26.565° for 2H:1V slopes 
5.711° for 10 percent slopes 
32 percent or 0.32 for gravel 
32.2 m^ 
2.65 
37° degrees for 1-inch rounded roci< 
0.22 to be conservative 

The above equation solves for a D50 for which rock movement is expected to begin at a 
given value for q. N UREG/CR-4651 recommends multiplying the q value by Oliver's constant 
of 1.2 for gravel and 1.8 for cmshed rock to provide a safety factor against rock movement. 
A value of 1.35 is used for the gravel to tie conservative. 

As presented in the hydrology section, the flow for a 1.814 acre area is 1.16 cfs giving a fiow 
rate for 1 acre of 0.64 cfs. A one acre area using the maximum 10% slope length is about 
361 feet X 120 feet. Therefore, the flow per unit with on the 10% slopes is 0.01 cfs/ft. A one 
acre area using the maximum 2H: IV slope length is about 65 feet x 670 feet. Therefore, the 
flow per unit with on the 2H:1V slopes is 0.002 cfs/ft. Assuming concentration factors (F^) 
and multiplying by Oliver's constant (FQC) of 1 35 by the flow rates calculated for each of the 
slope areas pnavides a modified flow (q^oo) ^o'' which the gravel 0.0 requirements are 
calculated in the following table. 

q 
cfs/ft 
0.01 
0.002 

^r 
20 

F.. 
1.35 

Cfs/ft 
0.27 

-iLP0,8„„ 

TABLE 
Gravel Dsg Caicuiation 

B Hp g 
dea % ft/sec* G. 

5.711 032 32.2 2.65 
26.58^ 0,32 ?2.2 2.65 

dea 
37 
37 

c 
0,22 

ft 
0.0752 
0.0818 

In 
090 
0.98 
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Concentration factors are not a component of the NUREG/CR-4651 procedure, but are 
provided to show the types of flow concentration that may occur, beyond the safety 
factors already provided in the procedure, and still maintain erosion stability The local 
gravel source that has historically been used for gravel armor (stone mulch) has a 0̂ 3 
size of approximately 1 inch. Using this Dŝ  size provides allowable concentration factors 
of 20 and 3 on the 10% slopes and the 2H:1V slopes, respectively. The D50 sizes of 0,90 
inchifor the 10% slopes and 0;98 inch for the 2H:1V slopes should be adequate in 
providing stability against erosion of the stone mulch based on the above evaluations and 
based on visual observations of the existing slopes where the sitone mulch has been 
effectively used for erosion protective cover. 

vii. Grave! Thickness and Minimum D50 Recommendations 

Historically the cell embankments and closure caps have received a 4-inch thickness of 
gravel armor with a D50 of about 0.9 inch and there are no observed areas of erosion 
occurring. This thickness mainiy results from the difficulty in placing less than 4 inches of 
gravel armor and achieving consistent cover over all surfaces. 

Recommendeid design is to provide a target gravel thickness of 4 inches over the entire 
closure cap surface with a minimum gravel thickness of 2 inch on the 10% slopes 
(typically 2 x D̂ o) and a minimum gravel thickness of 3 inches, as calculated, on the 
2H:tV slopes. Minimum D50 diameter of the grave! is 0.9 inch on the 10% slopes and 1 
inch on the 2H:1V slopes. 

Top of Embankment Ditches 

The maximum area contributing runoff to the embankment drainage ditches is 27,685 
square feet (0.64 acre). Hydrologic calculations show storm water discharge for the small 
drainage areas of tbe closure caps at the facility to be approximately 0.65 cfs per acre. 
Therefore, the discharge for the embankment drainage ditches is 0 cfs at the beginning of 
the ditches and increases to 0.42 cfs at the storm water inlets at the low point of the 
drainage ditches. Maximum inflow to the inlets is two ditch flows, or 0.84 cfs, since two 
ditches converge on one inlet 

The embankment ditches will have a minimum slope of 0.5% and will have a V-ditch 
shape with side slopes of about 6% or 16.7H;1 V and maximum fiow. Based on hydraulic 
caiculations, the flow depth in the top of embankment ditches is about 0.24 foot. The 
gravel armor has a safety factor of over 6 against erosion within the ditches. 
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I. Evaluate the long-term strength ofthe HDPE pipe against failure or significant loss of cross-sectional 
area. 

Reference Manuals: "Design & Engineering Guide for Polyethylene Piping", by Rinker Materials, 
August 2003. 

"Plexco/Spirolite Engineering Manual 2. System Design", by Chevron 
Chemical Co., April 1996. 

Design Criteria: 
Pipe Diameters = 10 inches - top and bottom pipes. 
Maximum Design Height of Overburden = about 58 feet for Cell 7 and about 50 feet for Cell 
6B. Use 58 feet to represent a calculation for both cells. The overburden includes 2 feet of 
soil and gravel cover material, 0.5 foot of soil cushion, 50.5 feet of waste, 2 feet of primary 
soil protective cover, 2 feet of secondary soil protective cover, and 1 foot of sump gravel. 

Unit weight of overburden: 
Soil cover and gravel =125 pcf 
Waste = 90 pcf 

A. Soil Pressure bv components 

P = P + P 
^ 1 ^ S ^ L 

where: Pj = Total load pressure 
Pg = Static or dead load pressure 
PL = Live load pressure 

Using the Boussinesq's Equation from the manual reference above, the live load pressure 
can be estimated as follows 

2K *R 

W L = wheel load (lb) 
H = vertical depth of crown 
R = distance from the point load application to the crown 

Assuming a tire load of 4,000 pound, then the live load on the pipe would be as follows 

3(4000)(58)' 

^~ 2;r*(58)' 
PL = 0.57 psf (load is insignificant to the dead load and will be excluded) 

Therefore, only the dead load will be used to pipe strength design. 
PT = PS - height of overburden x unit weight of overburden 
P^.. = (2.5' + 2' + 2' + r)(125 pcf) + (50.5')(90 pcf) 

= 5,482 psf = 38.1 psi for the 10" pipe 

Evaluate Wall Crushing 
The compression stress on the pipe walls is given below: 
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Where, 

s = PLDQ 

288^ 

S = Compressive stress (psi) 
PL = vertical load applied to pipe (psf) 
t = wall thickness (in) 
Do = outside diameter of pipe (in) 

The maximum long-term design stress value for Plexco polyethylene pipe is 800 psi. The 
ratio of pipe diameter to wall thickness is given below. 

Dp 288(800) 
t ' 5M2 psf 

—^ = 42.0 
t 

Therefore a SDR of 41 or lower should be strong enough to avoid crushing failure. 

C. Evaluate Wall Bucklina 

Wall buckling resistance of pipe is increased when it is buried. The soil and pipe work 
together to resist buckling. AWWA C-950 gives a design equation for buckling of buried 
plastic pipe which is applicable to PLEXCO pipe. 

2 . 6 7 - R ^ ^ - B - E ^ - E ] 

D R ' 

P(.b = Critical buckling stress (psi) 
SF = Safety factor, 
R„ = Water buoyancy factor, (dimensionless) 
B = Empirical Coefficient of Elastic Support (dimensionless) 
E3 = Soil modulus, (See Table C-4) 
E = Pipe modulus of elasticity, psi 
DR = Dimension ratio 

/?„ = 1 - 0 . 3 3 " — ^ 

H„ = Height of water table above the pipe (ft) 
The water should not pond above 1 ft high, so the maximum water height 
will be 1 ft 

H = Height of soil cover above pipe (ft) 
The cover over the sump area is about 58 ft 

1 
^ ~ 1 + 4e(-''"<'65W) 

e = Natural log base number 
H = Height of soil cover above pipe (ft) 
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P.,. 
1 12.67 • (0.968) • (0.995) • (30,000p5i)(l600/;5;) 

(21? 

P„ = Sl.lpsi 

R= 1-0.33 
58' 

R = 0.994 

B 
1 

1 + 4g(-0.065(58)) 

B= 0.916 

The pipe should not buckle since the calculated buckling resistance of 57.7 psi exceeds the 
38.1 psi loading on pipe. 

D. Evaluate Ring Deflection 

Ring deflections are calculated using the following modified Spangler's equation: 

AX = 
a - K - w 

( I E \ 

3{DR-iy 
+ 0.061.&' 

DX = Horizontal deflection (in.) 
Di = Deflection lag factor, PolyPipe recommends 1.0 (dimensionless) 
K = Bedding constant, Polypipe recommends 0.1 (dimensionless) 
W = Earthload (lbs/inch) 
E = Modulus of elasticity of pipe, 30,000 psi 
E' = Soil modulus 
DR = Dimension ratio 

For the 10" pipe: 

^ x • 
10.1 (38.1 10) 

(2-30,000 

U(21-l)-' 
•i-0.061 1200 

AX = 0.50in 

This assumes a soil modulus of 1200 psi which is for fine grained soil compacted to 90% 
SPD. The percent deflection is calculated using the following formula: 

AX 
J = — - 1 0 0 

D 

DX = Horizontal deflection (in.) 
D = Outside diameter (in.) 

0.50 
. = — . 1 0 0 

d = 5.0% 

Allowable deflection for SDR 21 pipe is 6.0 percent. 

d = Percent deflection (%) 



HiinsEn 
IlLLEn 

& LUCEmc 

CLIENT: Clean Harbors - Grassy Mountain Faciiity SHEET 4 OF 4 
PROJECT; RCRA Cell 6B and 7 Closures COMPUTED: KCS 
FEATURE: Leachate Withdrawal Pipes CHECKED: MEA 
PROJECT NO-: 64.82.100 DATE: January 2010 

E N G I N E E R 

To see if this deflection could cause failure in the pipe the ring bending strain was computed 
below. This equation is provided in the Plexco/Spirolite Engineering Manual. 

£ = / « 
Ar IC 

C = 0.53t = 0.53*0.512 = 0.27 

050 2(0.27) 
^9.457 9.457 
0.0181= 1.81% 

D = wall strain, (%) 
f<j = deformation shape factor, 4.28 for elliptical deformation, 6.0 for non uniform 
deformation 
D„ = mean diameter (in), Do-1.06t, 10-1.06(0.512) = 9.457 inches 
C = outer fiber to wall centroid (in) 
t = pipe minimum wall thickness 

The PLEXCO design manual references a study by Jansen that states strains of 8% should 
perform well for at least 50 years. ISCO industries also lists its high density polyethylene pipe 
as having an elongation at yield of 8%. 


